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I he present un ention gencralK' rdatcs to the pioduclum of bioacm e 



compounds ^uch as eetanaseidins ar.d methods rf maiunt. such ecleiiiase'dms 
xmin^ a Vdiict\ of methods In paruculai bcetcrul <^ mhionts of the apcidian 
£c*e»naiuii7a :w hmuta its proteins or genes can be used mi such methods. 



'lhe e:ioL>asudins are a jroup o^biuactne tetiah\4.0i^oqtHtJuhutr 
dka'otds isolated fiom the Canbbsan mangiove ase dian Eue<,m\ud'«2 11 ib'ti i?a 
(Rinehart a! - Vwo and "fought ft al lo«0) The mnv umc of these 
compourdi, ecrcmascidMi (Ht-742), (Compound 1) shows icmoikable 

15 potL-nc} m both in * iti o and 3 >i ) tvo bi« tas^a) $ and possesses picon olar a^tivjtj 
against br^ao't, colon, non-small cell lung caiemomi {NSCLO, rrnal v>\anan 
and melanoma cdl hue- (Zev 3 1-Foou* ct a! 1999) The potent actrvitv or W 
^4 < and its chnxal potential places Et-"43 in a group of mamK 
jmeikbxav dem ~d compounds, including discodcmiidide {Guia^Lcra ft al , 

20 1 9^0), hr> Ostatms (Kttrt ex a 1 . I «82) and eLutba . >nm (l ind* 1 ct al , 199") 
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1 ecteraascidin743 (Et 743) 



2 sajramyciiis A-C 

3 cyaaosafraciaR,*€N, R 7 ~H, R 3 -CNH 2 CH 3 
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6 joiwck 7 renwrol » mimosamycm 

Ft- 743 binds 10 the minor gux e ot UNA artd specifically aih>latf s the 
N2 of guanine iPommiex « al , 199f> and Moore et al . 1^71 I he drug dittos 
fiom lie Either minor gtom o-mteracti ve compounds! bcx iu&c it induces a bend m 
5 thv DN \ heh\ tow ard the major groove ( Zt w ail-Fonte a M . ] yQ J) 

sho^vs anti-Tumor actu lty with TC 5l s ni the nanomolai range and is ldah d to e 
laiys. m Kibcr of less potent compound*. (Rinehait et al , lyyo and faialoth et al , 
1996) Et-743 is m phase 1 clinical mate m thr United States and Fuiope and 13 
m phase U clinical trials m France {Vaion et al , lytijj and Rmehart, 2001 > 
1 Q MoeharistK ailv, Et-743 disrupts tfh, n ici^tubule neiw ort and binds 

substantially irreveisibly to 5* (. GO, ^'-GCrC and DSA sequences Out 

leads to cell cryck 3 reft 111 the Jate *? and CC M phase (Garcia- Rocha tt al , 19^b, 
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Moire et al, 1997; Pommier et al, 1996; Morre et. al, 1998; and Fairclotli et al., 
1996), 

Structural Et-743 is similar to the renieramyems (He et aL, 1.989 and 
Frincke et al, 1982) from the marine sponge Reniera sp; It shows remarkable 
5 structural similarity to the less active safraxnycia antibiotics, (Compounds 2-3), 
respectively, isolated from the bacteria Streptamyces lavenditlae (Arai et. al., 
1983), Pseiidomonas fluorescens (Meyers ei al., 1983) and Myxococcus xanikus 
(Irschik et al. 1988), as well as the reuieramycins (Compound 4) and eribrostatin 
4 (Compound 5) isolated from, the marine sponges Reniera sp. and 

10 CribrochaUna sp,, respectively (Frinclce et al, 19S2 and Pettit et al, 2000). 
Saframyein d.erfvaies are produced in culture and synthetic routes exist for 
derivatives of most of the isoquinolone antibiotics. 

Jorumycin (Compound 6) was isolated from the Indian nudibranch 
Jonmna funebns that was found "associated with" a blue sponge, identified as 

15 Oceanapla sp. (Fontana et al. f 2000). The monomelic isoquiuolines 

(Compounds 7 and 8) were also found in the Oceanapia sponge, as well as 
culture broths of S. Lavandulae, and a variety of other sponges (Frincke and 
Faulkner, 19S2; McKee and Ireland, 1987; Parameswaraa et al ., 1 998). It is 
believed that compounds such as Compounds 7 and 8 are the result of oxidative 

20 cleavage of the dimeric compounds and probably arise from the isolation and 
extraction procedure (Frincke and Faulkner, I9S2). Et-743 differs from 
compounds 2-6 primarily by the presence of the C ring sub-unit system, which is 
critical for its high potency and tumor selectivity (Sakai et al., 1996). 

Et-743 is expensive, since natural marine products are typically difficult 

25 to obtain in sufficient quantity for clinical use. Although aquaculture currently 
provides a source for Et-743, it yields only a small amount of the compound per 
mass of invertebrate (the average yield of the drug from the ascidian are 
generally low (0.01 -0.02 % dry weight)). Until recently, the most efficient 
method of Et-743 production was aquaculture of E. turbinate. (Corey et al., 

30 1996). Efforts have been made to produce Et-743 more economically by 

synthetic processes (Martinez and Corey, 2000; Zhou et al, 2000; Herberich et 
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al . 2001) A relatn ; V cffcienr chemical filths, ii^ exists foi die con pound but 
is „■> les? promise ig soui cr than aquae mn«e fOorev et al , 1 y% ) C az\ as er al 
rcprrtid e-frscu tit seroi-s\nthesis of kl-"*^ from <.\^uosafraun B (Compound 3) 
which can be s.a&d> obtained in kuog^ur quantum itom cuifme of 
5 Pseudow<>>K?* thiol s^c ens ( C jcvas et al , 2( ?0t )) -\n aUiaeti v e aliernati s e to 
aquaudturc ot even stiiu-t»>it hevs riavbe "he el^miij. of ihv bK>syntrs.nc genes 
into a more rraaabk host such as P thtos t??'s Thus, theie it> a need for 
alternative methods foi p-odaciug eetema^cidms. such as Ft-" 43 

1 0 Brief Desc rip tion of the ? tgares 

Fi< i 1 dipjcis the biracfuie of hctt jnasudm-743 (£f-743 ) 
FIG 2 depicts the m miflcation ot L T}i 
FIG 3 dtpics i scheme foi the svofhesjs of F -743 
FIG 4 depicts /« un. hybridation of bac^na' J6i> i'<NA pioVs to 
15 lar\-ae of/.. mrbmata. 

TIG 5 depicts adult i7 tuj omnia showing brooding ot eggs m lower 
portion of the ?ooul (15Xnt ), e>ciM.d lana w it vanoas dv\tlopnn,nf stages 
(20X1 Co). 

FIG <■> depicts (a) ESI ma^s t,pectmm from thcii ivnata larval extiacf, 
20 fh) MS MS of the pai cut ion <""-U> shoeing loss of the C -ring sutmtmo^fct- 7*3 
FK 5 7 depicts DC !<jb ^cl of PCR piodaets amphfud v. ith * OvSf-J ^2r 
I £ fitt bipata * 2 E 'ufbjuiita,^ E c<-h A.rro'ws point to the twn haii<h that 
ore excised jnd sequenced 

FIG S depicts phx Ingram obtained with mavnnani paisimon> and 1 OOx 
25 bootstrapping indicated by numbers} 

FIG y depicts FISH experiments tism^ flnorerecm labdui piobe" 
A Domain Bacteria prohc Eub33$, B no probe control, C E ; jlawrim pioiv 
I247r; D. E. sertula probe 125 3r. 

FIG 1 U dt picts FtSl 1 micrographs of J? turbinate iar\ u sing all 
30 excitation wavelengths on a confocal nucioscnpe A Whole larva h>bndi/ed 
"Viih CTS labeled Fub338 (indicated oy blue) 10\, scale bar - 100 \im (R-Fn 
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Images of larvae taken near adhesive papillae B. 40X, scale bar ~ 20 pm, C, 
b3X scale it ~ lu urn D 53X plus digital zoom, «c Jtr bar ~ *i jim, 

PIG 1 1 depicts, PGR amplification o f E h<u\\dtj Ian aJ DNa using a 
combination t>t unu ersal, EnJobttydd specific and E ^' tw'a s p xilic runners I 
5 - £ n>> hham lai- if DN'\, 2 - # par//jc ( z used as a control, 3 - negative 
control A . uiu vei sal 1 actcn al pi i 'net t {2 7f- 1 40 It}, R uni% 1 i 1. d v ith 
Emlobifgtiia specthc (27f S5^r», C £ .wiinh specific * J40f-li^3ih D 
um\ ei sal l A ith Ji sertuta specific (2~f- 1 2^ ) 

rtG 12 depicts light micrograph 'ectiun* off tuihinai* Ian a thrxutrh 
10 the adhoM\epapJlae \ lo\, s*. ale bai - 70 put B. 40\, scale bar - 30 pm 

Snmmary of the Invention 

Muiods piovided lit rem include using bacteria that ai'e mvohec at least 
m part m tht, sMitK,>is of bioaeuvc conpoui d-, These bacteria can oe used m 

15 pioductioa piocessea, such as fermentation, tu prod ice vaiuahb biuacm e 

compound* \lLmativc1y polypeptides present n siivJibactcnaj oi nucleic acid 
mommies that rncode such polypeptides can be ired to piodace Ivojrtn e 
compounds m ex n\-o processes or m iccrvnbitian* ' igam^ms engineered to 
express ouch polypeptides Ilie pi esent m\ ention piovidos these ami related 

20 benefits. 

The pi esent indention i ecognues ihU organisms snch t~5 baetcna contain 
nuckic ?ud raelec lies that encode polypeptides that eatal;*,e the ^nth-sis of 
bioactive compounds, such as ectsinascidins. 
B acteria 

25 One aspect of the present invention is a bacterium or bacteria that can be 

a pure or mixed culture, that at least in part synthesizes at least one ecteinascidin. 

A second aspect of the present invention is a preparation of bacteria from 
an Ecteinascidia, such as Ecteinascidia turbinaia, that includes at least one 
activity involved in the synthesis of an ecteinascidin. 
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Nucleic Acids 

A Third aspect of the present invention is a composition including at least 
one nucleic acid molecule that encodes al least one polypeptide that catalyzes at 
least one step in the synthesis of at least one ectemasctdm. 
5 A fourth aspect of the present invention is a composition including a 

library of nucleic acid molecules of the present invention. These nucleic acid 
molecules can be used in a combinatorial biosynthesis of ecteinascidms. 
Polyp e ptides 

A fifth aspect of the present invention is a composition including at least 
10 one polypeptide that catalyzes at least one step in the synthesis of at least one 
ecteinasoidin, where preferably at least one polypeptide is derived from at least 
one marine organism, 

A sixth aspect of the present invention is a composition including a 
library of polypeptides of the present invention. 
15 Antibodies 

A seventh aspect of the present invention is an antibody that binds with 
or specifically binds with one or more bacteria of the present invention. 

An eighth aspect of the present invention is an antibody that binds with 
or specifically binds with a polypeptide of the present invention, 
20 . Method of mak ing bioactrve c ompounds 

Bacteria 

A ninth aspect of the present invention is a method of making an 
ecteinascidm using a bacteria, of the present invention. 

A tenth aspect of the present invention is a composition made using a 
25 bacteria of the present hw ention. 

Nucleic. Acids 

An eleventh aspect of the present invention is a method of .making a 
composition, including providing at least one nucleic acid of the present 
invention and synthesizing at least one ecteinasoidin. 
30 A twelfth aspect of the present invention is a composition made usin g a 

nucleic acid of the present invention. 
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\ thirteenth aspect of the present indention is a method of maLtng a 
composition including providing &\ least one polypeptide of the present invention 
and s)nthesLTg at least one ecteinasadm 
5 A lourteemi aspect of the pre?em invention is a composition made using 

d polypeptide- of the pi esent invention. 
M ethod for ider Jtfi'ingrnicJpic at id molecules 

A fifteenth aspect of the present mvenueu i? a method for identifying ar 
least one nucleic acid molecule encoding at least one activit) involved in the 
10 synthesis of an cetema scidn, compnsing contacting a nnUeie dcid mokcuk: of 
the present n vontion with a ^an pie. dud iik'Pt'nmg nucleic acid molecules in 
said sample that hybridize ivirh a nucleic acid of the present im cntion 

A sixteenth aspect of da- present invention is a nucleic acid molecule 
identified by a mcthcKi of the present invention. 
15 A set cnfeeitth aspect of the prevent invention is a composition 

comprising a hbraiy of nucleic acid molecules identified using a method of ihe 
present invention. 

Method for identifying bioactn e compoun ds 
Bacteria 

20 An ei ghteenth aspect of the prevent invention is a method tor identifying 

a bioaeuve compound including contacting a compound made or identified using 
a bacteria of the present mvennon with a detection svitem and determining tire 
bio activity of the compound. 

A nineteenth aspect of the present invention is a compound identified by 
25 this method. 

Nucleic Acid Molecule 

A twentieth aspect of the present invention is a method for identifying a 
bioactive compound including contacting a compound made or identified using a 
nucleic acid molecule of the present invention with a detection system and 
30 determining fee Moae&vity of the corapouad 
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A twenty-first aspect of the present invention i s a compound identified by 
this method. 

Polype ptide 

A twenty-second aspect of :he present invention is a method fot 
5 identifying 3 bioattive compound including contacting a compound made or 
identified using a polypeptide ot the picsent invention vuth a detection system 
and determining the bioachvity of said compound 

-V twenty-third aspect of i' t e pie sent invention is a compound identified 
by this method. 

10 

Detailed Bescription of the Invention 

Defjgjtioas 

Unless defined otherwise, all iechnicai and scientific terms used herein 
have the same meaning as commonly understood by one of ordinary skill in the 

15 art to which this invention belongs. Generally, the nomenclature used herein and 
the laboratory procedures in cell culture, chemistry, microbiology, molecular 
biology, cell science and ceil culture described below are well known and 
commonly employed in the ait. Conventional methods are used for these 
procedures, such as those provided in the art and various general references 

20 (Sambroofc el al., 19S9: Ausubel et al, 1998; Harlowe and Lane, 198S). Where a 
term is provided in the singular, the inventors also contemplate the plural of that 
term. The nomenclature used herein and the laboratory procedures described 
below are those well known and commonly employed in the art. As employed 
throughout the disclosure, the following terms, unless otherwise indicated, shall 

25 be understood to have the following meanings: 

"Membrane permeant derivative" refers to a chemical derivative of a 
compound that increases membrane permeability of the compound. These 
derivatives are made better able to cross cell membranes because hydrophihe 
groups are masked to provide more hydrophobic derivatives. Also, the making 

30 groups can be designed to be cleaved .from the compound within a cell to make 
the compound more hydrophilic ones within the cell. Because the substrate is 
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more hydrophilic than the membrane permeant derivative, it preferentially 
localizes within the ceil (U.S. Patent No. 5,741,657 to Tsien et at, issued 
April 21, 1998). 

"Isolated polynucleotide" refers to a polynucleotide of genomic, cDKA, 
5 PCR oi svnthctk uugm. or some combination thereof, ^hieh b> virtue of ita 
origin, the isolated polynucleotide (1) is not associated with the cell in which die 
isolated polynucleotide is iound m nature, or (2) is opejably linked to a 
polynucleotide that it is not linked to in nann e The isolated polynucleotide can 
optionally be linked to promoters, enhancers, m other regulator} sequences 

10 "Isolated protein"' refeia to a protein of cDKA , recombinant RNA , or 

synthetic origin, or some combination theieof, which by vutue of ltd ontrin tIk 
isolated protein f 1) u> not associated \\i*h protein*. normall> found within nature, 
oi {2) is isolated from thu ceil m which it normally occuis, m \3) is isolated net' 
of other pn terns iom the same cellular anurct, for example, free -if cellular 

1 5 proteins), or (4 > is expressed by a cell fiom a different specie, or (5 ) does not 
occur m nature, 

"Polypeptide" is used herein as a generic term to refer to natn e protein, 
fiagmenis. or analogs of a polypeptide sequence 

"Active fragment" refeis to a fragment of a parent i lolccuic such as an 
20 organic molecule, nucleic aud molecule, or piotem or polypeptide, or 

combinations thereof that reuius at least one activity of the parent molecule 

"Naturally occumnif" inlets to the fact that an object can be found m 
nattae. For example, a polypeptide or polynucleotide sequence that is present m 
an organism, ir eluding viruses, that can be isolated from & source in nature and 
25 which has not v ->cen rmcnnnnall> modified by man m me laboiatury is i afurally 
occurring. 

"Opexably luiked" 1 refers to a juxtaposition wherein tlie components so 
described are m a relationship permitting then to function in their mt ended 
manner. A control sequtnet cperabl} linked to a coding sequence is h gated m 
30 such a vi ay that expressic n of the coding sequence is achieved under >. onditions 
compatible With the control sequences 
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"Control sequences" refer w polxnuckoudt: sequences That effect the 
expression of coding and non-coding sequences to which they art- hgatsd The 
natuic or p»ch control sequences differs depending upon the host oigmk.-m. m 
pokaryotes, such contn 1 j-equeiicos generally include promo teu ubnsoimd 
5 bidmg -ute, and tian^cnp joo termination sequence-^ in eukaryutes, iitmriUv, 
such comiol sequences include prorroicrs and transcription termnahoij 
;-eqacncce 'lhe term control t-equerjcess i-> intended to include components whose 
picsence can influence expression, and can also include eddmunal components 
v,hose presence is advantageous, ioi e; ample, leader sequences and fusion 
1 0 partner sequences. 

"Polynucleotide" iefer> 10 a polymere form of nucleotides of a Icibi ten 
bases in length, cither ribonucleotides *r denxynbonucleolides or a modified 
from of either type of nucleotide flic te:m mcludts single and double sanded 
forms of DNA or RNA. 
15 '"Genomic polynucleotide" refers to a petuon ol the genome 

' \ctis e genomic polynucleotide" oj active portion f >f a &euouie' icfer to 
icgh'US of a & enome thai can he up n^ulated, do^n icgvlated or bom, either 
dmctly or indirectly, b> d biological process. 

"Dnccth " m me context <>t a hiolosn^al process cr orocesses lefcrs to 
20 dirtct causation of a process tnat docs uoi j^quue intermediate steps, usually 
caused by ore molecule contacting or binding to anothci molecule (the same 
wpe or different type of mokcuie) For example, molecule A contacts molecule 
R. which causes molecule B to e\eit effect X ih.it is part of a biological pioecss 

"Indirectly' m the context of a biological process or piec^sses, refers to 
25 mdircL t cassation that requires intermediate steps, asually caused by two or more 
direct steps Foi example, molecule A contacts molecule B to exert eifeet X 
which m tarn causes effect Y 

''Sequence identm" tefnri. to the propmtion of base n atches between two 
nucleic acid sequences o- the proportion of amino acid matches, bets*. «,en two 
30 amiro acid sequence? When sequence identity is expressed as a percentage;, for 
example 50%, the pereentaee denotes the proportion of matches of the length ot 
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sequences from a desired sequence that is compared to some other sequence. 
Gaps (in either of the two sequences) are permitted to maximize matching; gap 
lengths of 1 5 bases or less are usually used, 6 bases or less are preferred with 2 
bases or less more preferred. When using oligomileorides as probes, the 
5 sequence identity between the target nucleic acid and the oligonucleotide 
sequence is preferably not less than 10 target base matches out of 20 (50% 
identity) and more preferably not less than about 60% identity. 70% identity, 
80% identity or 90% identity), and most preferably not less than 95% identity. 
"Selectively hybridize" refers to deiectably and specifically bind. 

10 Polynucleotides, oligonucleotides and fragments thereof selectively hybridize to 
target nucleic acid strands, under hybridization and wash conditions that 
minimize appreciable amounts of detectable binding to nonspecific nucleic acids. 
High stringency conditions can be used to achieve selective hybridization, 
conditions as known in the art. Generally, the nucleic acid sequence identity 

15 between the polynucleotides, oligonucleotides, and fragments thereof and a 
nucleic acid sequence of interest will be at least 30%, and more typically and 
preferably of at least 40%. 50%, 60%,, 70%, S0% or 90%. 

Hybridisation and washing conditions are typically performed at high 
stringency according to conventional hybridization procedures. Positive clones 

20 are isolated and sequenced. For example, a full length polynucleotide sequence 
can be labeled and used as a hybridization probe to isolate genomic clones from 
an appropriate target library as they are known in the art. Typical hybridization 
conditions and methods for screening plaque lifts and other purposes are known 
in the ait (Benton and Davis, Science 1 96: 180 (1978); Sambrook et ah, supra, 

25 (1989)). 

Two amino acid, sequences have share identity if there is a partial or 
complete identity between their sequences. For example, S5% identity means 
that 85% of the amino acids are identical when the two sequences are aligned for 
maximum matching. Gaps (in either of the two sequences being matched) are 
30 allowed in maximizing matching; gap lengths of 5 or less are preferred with 2 or 
less being more preferred. Alternatively and preferably, two protein sequences 
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(or polypeptide sequences derived from them of at least 30 amino acids in 
length) share identity, as this term is used herein, if they have an alignment score 
of at least 5 (in standard deviation units) using the program ALIGN with the 
mutation data matrix and a gap penalty of 6 or greater (Dayhoff, in Atlas of 
5 Protein Sequence and Structure, National Biomedical Research Foundation, 
volume 5, pp. 101-1 1 0 (1972) and Supplement 2, pp. i-1 0). 

"Corresponds to" refers io a polynucleotide sequence thai shares identity 
(for example is identical) to all or a portion of a reference polynucleotide 
sequence, or that a polypeptide sequence is identical to all or a portion of a 

10 reference polypeptide sequence. In contradistinction, the term "'complementary 
to" is used herein to mean that the complementary sequence is homologous to all 
or a portion of a reference polynucleotide sequence. For illustration, the 
nucleotide sequence TAT AC corresponds to a reference sequence TAT AC and is 
complementary to a reference sequence GTATA. 

15 The following terms are used to describe the sequence relationships 

between two or more polynucleotides: "reference sequence," "comparison 
window," "'sequence identity," ''percentage of sequence identity,'"' and 
"substantial identity." A reference sequence is a defined sequence used as a 
basis for a sequence comparison; a reference sequence can be a subset of a larger 

20 sequence, for example, as a segment of a full length e'DNA or gene sequence 
given in a sequence listing, or may comprise a complete cDNA or gene 
sequence. Generally, a reference sequence is at least 20 nucleotides in length, 
frequently at least 25 nucleotides in length, and often at least 50 nucleotides in 
length. Since two polynucleotides can each. (1) comprise a sequence (for 

25 example a portion of the complete polynucleotide sequence) that is similar 

between the two polynucleotides, and (2) may further comprise a sequence that 
is divergent between the two polynucleotides, sequence comparisons between 
two (or more) polynucleotides are typically performed by comparing sequences 
of the two polynucleotides over a "comparison window' y to identify and compare 

30 local regions of sequence similarity. A comparison window, as used herein, 
refers to a conceptual segment of at least 20 contiguous nucleotide positions 
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whsroiu a. po> /nucleotide sequunee ma} be compared to a it-ference sequence of 
dt least 20 contiguous nucleotide? and whercm the portion uf the polyutchotide 
<5equcn>.c mmc companson window tan eompnse additions and deletions (fm 
txan pie, gaps) of 20 percent or les;> as compared to the tcihenct sequence 
5 (w, bleb v 1 - odd not comprise additions 01 deletions) +01 opnmal alignment el the 
tw 0 sequence, Optimal alignment of sequences tvi aligning a comparison 
window an be conducted to the local ideality algorithm {Smith and Waterman, 
Ad\ Appl Math 2 4^2 (1931 1}, to the identd\ alignment algorithm 
(Needeman and W uracil, J. Mol Bio.. 4S.443 { 1970}), to \\ e seaich tut 

10 similarity method (Pearson andLrpman. Pioc Nati Acid >Sci h S A. 85 2444 
to the computerised nrplemerfUitioik, of these algorithms such as GAP, 
BES1 FIT, b \$TA and TFA.STA < Wisconsin Genetic? Software Page Release 
7.0, Genetic? Computer Group, Madison Wi), or bv inspection Preferably, tiie 
beat alirameni (fox o-anpie, the usult having the highest percentage oi identity 

15 over thv. comparison window } generated to the \ auous methods is selected 

'■Complete sequence idem tV means that tn o polynucleotide s-equeikvs 
are ids vticcl (tot examp'e. on a rmekotide-nv-micbohdc basis* o\ ci the wdndt w 
of comparison. 

"Percentagt of sequence identiV' i& calculated b\ comparing 0*0 
20 'iptimalh aligned sequences over the window oi companion. determining the 
number of positions at w Inch the identical nucleic acid base occurs m both 
sequences tt yield the namba uf matched portions, dn idrng the number of 
matched positions by the tota! number of positions m the window of e< mpartson 
(for example, die window si^e), and multiplying the result by 100 to }ield the 
25 percentage of sequence identity. 

' Substantial identity 5 iis used heiem denotes f» charaUenstic of a 
polynucleotide sequence, wheremthe polynucleotide comprises a sequence that 
has at least 30 percent sequence idcnHy, meferabh at least 50 to 60 percent 
sequence, more usually at least 60 percent sequenct identity as compared to a 
30 reference sequence over a comparison window of at least 20 nucleotide 

positions, ii squint ly uvcr a window of at least 25 to 50 nucleotides, whoem the 
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percentage of sequence identity is calculated by compiling the reference 
sequence 10 the polynucleotide sequence that may include deletions or addition 
which total 20 peicem or less of the itference sequence over the window of 
comparison. 

5 "Substantial identity"' as applied to polypeptides herein means mat two 

peptide sequences, when optimally aligned, &ueh as by the programs GAP or 
BfcSTFir usmg default gap weights, shai'e at least 30 percent sequence identify, 
preferably at least 40 percent .sequence identity, rind more pieferably at least 50 
percent sequence identity, and most preferably at lest oO percent sequence 

1 0 identity. Preferably, residue positions, which arc not identical, differ by 
conservative amino acid substitutions. 

"Conservative amino acid substitutions'' refer to the interchangcability of 
residues having similar side chains. For example, a group of ammo acids having 
aliphatic side chains is gKcine, alanine, valine, leucine, and isoleucine. a group 

i 5 of amino acids having aliphatic -hydroxyl side chains is serine and threonine: a 
gtoup uf arrrio acids having arokk-contaming side chains is aspaiagnv and 
ghuamine; a group of amino acids having aromatic side chains is phenylalanine, 
tyrosine and tryptophan: a group of ammo acids having basic side chains is 
lysine, argininc and hisndine; and a group of amino acids having sulfur- 

20 containing side chan is cystein and methionine. Preferred conservative amino 
acid substitution gamps are: valme-]eueine-isokucme; phenylalanine-tyrosine: 
lysine-atginme; alanine-valine; glutarme-dsparlk: ar.d asparagine-glutanime. 

"■Modulation'" refers to the capacity to either enhance or inhibit a 
functional property of a biological activity or process, for example, enzyme 

25 activity or receptor binding. Such enhancement or inhibition may be contingent 
on the occurrence of a specific event, such as activation of a signal transduction 
pathway and/or may be manifest only m particular cell types. 

"Modulator" refers to a chemical (naturally occurring or non-naturaily 
occurring), such as a biological macromoSecule (for example, nucleic acid, 
. 30 protein, non-peptide or organic molecule) or an extract made from biological 
materials, such as prokaryotes, bacteria, culcanotes. plants, fungi, multicellular 
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or&mv.ns tr animals, imeiiebratet.. venehiutes, maaarals and humans, 
mcmdmg^vhe-c appropriate, exf-acts of whole oigampni^ oi portion? of 
organisms cdls, organs, Lssiks, fluuls. ^hole cidrtnes or portions of cultures. 01 
ervi' onnental samples o; poitior-o fb.eie.jf ModuLttois are typically evaluated 
5 for potential acn\ itv as inhibitors 01 activators (directly oi mdrret t]\ ) < <f a 
biological pioceca 01 processes (for « ample, agonist, pat La 1 antagonist, partial 
agonist, aura^omsL antiiieoph.,stiu estotoxjc, inhibitors of neoplastic 
transfonranon 01 cell prohfeiation, cell pruhferanon promoting agents, antrwral 
.lycnts, anum ciobial agents, antibaUenal iigenti, anttoiotics, and ihe like') b) 

10 inclusion in assa^ s described hci cm 'Die acm itv of i modularo** may be biow n, 
unknown 01 partially known 

'"1 est chemical"' refsts to a chemical or extract to be tested by at least one 
method ot the present invention to be a putatne modulator A test ohenneal <s 
u u'dlK not known to bind to the tarsal oi mUrest "Contiol ieu chemical" relets 

15 ma chemical known to bind TO the target ( foi evampk. a Uimsi; agonist, 

antagonist, partial agonist or m\ erse agonist) lest chemical does tict rvpKaify 
include a *.bcimcal added ro a mixture as a control condition that alters the 
functiur uf the target to determine ^ gnal ^peeifieiiv m art assay Suthv-omroi 
rhcmicaxs or condition* include chemicals that (1 )non-speufirdily or 

20 bi,bsian1ial!> disrupt proiem structure {.for example denaturing agents ouch as 
ute<i or guaraburi, ^ulilrsdiy 1 reagemx sucli as dithiotruol and baa- 
meaapif ethaiiol) {2} ^eneidHy inhibit cell rretaboh&ir (for example 
mitochondrial uncouples) and (3) not)-specifie:dr> disrupt electrostatic or 
hydrophobic interactions ol a piotein {foi ex<intpSe. high salt concentrations oi 

25 detergents at concentration sufficient to non-speciiically disrupt hydrophobic oi 
electrostatic interactions) The term tei>t chemical also does not typiealh include 
chemicals known to be unsuitable for a therapeutic use for a particular indication 
due to toxicity of the subject. Usually, venous predetermined concents afions of 
test chemicals, aiv used foi determining then activity If me nvleculai veight of 

30 a test chemical is known, the follow mg ranges of umeentiatiuns can be us^-d" 
bctw sen about 0 001 micromolax and about 10 imlhmolar, pi cfei ably between 
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about 0.01 micromolar and abom 1 inillimolar, more preferably between about 
0.1 micromolar and about 1 00 micromolar. When extracts are uses a test 
chemicals, the concentration of test chemical used can be expressed on a weight 
to volume basis. Under these circumstances, the following ranges of 
5 concentrations can be used: between about 0.001 nucrograms/mi and about 1 00 
milligram/ml preferably between about 0.01 rmcrograms/ml and about 10 
mi Hi gran is/ml, and more preferably between about 0.1 rmcrograms/ml and about 
1 milligrams/nil or between about. 1 micro gram/ml and about 100 
nhcrograms/ml. 

10 '"Target" refers to a biochemical entity involved in a biological process. 

Targets are typically proteins thai play a useful role in the physiology or biology 
of an organism. A therapeutic chemical typically binds to a target to alter or 
modulate its function. As used herein, targets can include, but not be limited to, 
cell surface receptors. G-proteins, G-protein coupled receptors, kinases, 

15 phosphatases, ion channels, lipases, phosholipases, nuclear receptors, 
intracellular structures, tubules, tubulin, and the like. 

"Label'' or "labeled" refers to incorporation of a detectable marker, for 
example by incorporation of a radiolabled conipottnd or attachment to a 
polypeptide of moieties such as biotirt mat can be detected by the binding of a 

20 section moiety, such as marked avidim Various methods of labeling 

polypeptide, nucleic acids, carbohydrates, and other biological or organic 
molecules are known in the art. Such labels can have a variety of readouts, such 
as radioactivity, fluorescence, color, chemllummescence or other readouts 
known m the art or later developed. The readouts can be based on enzymatic 

25 activity, such as beta-gal actosidase, beta-lactarnase, horseradish peroxidase, 
alkaline phosphatase, htciferase; radioisotopes such as 3 H, 14 C, 35 S ; l2 H or 
.fluorescent proteins, such as green fluorescent proteins; or other fluorescent 
labels, such as FITC, rhodamine, and lanthanides. Where appropriate, these 
labels can be the product of the expression of reporter genes, as that term is 

30 understood in the art. Examples of reporter genes are beta-laetamase (U.S . 

Patent No. 5,74 1,657 to Tsien et al., issued April 21, 1998} and green fluorescent 
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protein (U.S. Patent No. 5,777,079 to Tsien et ah, issued July 7, 1998; U.S. 
Patent No. 5,804,387 to Corrnack et al., issued September 8, 1998). 

"Substantially pure" refers to an object species or activity thai is the 
predominant species or activity present (for example on a molar basis it is more 
5 abundant than any other individual species or activities in the composition) and 
preferably a substantially purified fraction is a composition wherein the object 
species or activity comprises at least about 50 percent (on a molar, weight or 
activity basis) of all macromolecules or activities present. Generally , as 
substantially pure composition will comprise more than about SO percent of all 

10 macromolecular species or activities present in a composition, more preferably 
more than about 85%, 90%, .95% and 99%. Most preferably, the object species 
or activity is purified to essential homogeneity, wherein contaminant species or 
activities cannot be detected by conventional detection methods) wherein the 
composition consists essentially of a single macromolecular species or activity. 

15 The inventors recognize thai an activity may be caused, directly or indirectly, by 
a single species or a plurality of species within a composition, particularly with 
extracts. 

A "ecteinaseidin synthesis activity' is at least one activity involved in the 
synthesis of an ecteinascidm. Examples of ecteinascidin synthesis acfh'ity can 
20 include without limitation a non-ribosomal peptide synthetase activity, an O- 
methyl transferase activity, or a transaminase activity. 

"'Pharmaceutical agent or drug" refers to a chemical, composition or 
activity capable of inducing a desired therapeutic effect when property 
administered by an appropriate dose, regime, route of administration, time and 
25 delivery modality. 

'■Pharmaceutical agent or drug" refers to a chemical, composition or 
activity capable of inducing a de-sired therapeutic effect when property 
administered by an appropriate dose, regime, route of administration, time and 
delivery modality. 

30 A "fcioactive compound" refers to a compound that exhibits at least one 

bioactivity. A bioactive compound may be an organic molecule or inorganic 
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molecule, protein, lipid, carbohydrate, or nucleic acid, or any combination 
thereof, including complexes of any of these compounds. 

A "bioaotivity ' refers to at least one activity that modulates a biological 
process. Preferred bioacliviiies include, but are not luxated to; antitumor 
5 activity, anticancer cell activity, cytotoxic activity, antibacterial activity, 
antimicrobial activity, not being substantially susceptible to multi-drug 
resistance, antiviral activity, immunomodulatory activity, antiinflammatory 
activity, and radiation protective activity-. 

"An ecteiiiascidin" refers to a compound that includes a 
10 tstrahydroisoquinoline alkaloid derived from the marine tunicate Ecteinascidia 
lurbinala and has at least one bioactivriy. 

"Made at least in part" or "at least in part synthesized'' means that an one 
or more entities participate in one or more steps in the synthesis of the compound 
of interest or precursor of a compound of interest but may not be the sole entity 
1 5 or entities that participate in the synthesis of the compound or precursor of 
interest. When a single step in the synthesis of a compound of interest or 
precursor of a compound of interest is performed by one or more entities, "'made 
ai least in part" can refer to the participation of one or more entities in a synthetic 
steps or process that also requires the participation of at least one other entity. 
20 A "bioactive derivative" refers to a modification of a bioactive compound 

or bioactivriy that retains at least one characteristic activity of the parent 
compound. 

A "bioactive precursor" refers to a precursor of a bioactive compound or 
bioactiviry that exhibits at least one characteristic activity of the resulting 
25 bioactive compound or bioaciivity. 

An "antibacterial activity" refers to an activity that reduces the growth 
rate or numbers of living in a sample, such as a culture of bacteria or a sample 
that includes at least one bacteria, including a patient. Such antibacterial activity 
can be directed against Gram-negative or Gram-positive bacteria and can be 
30 screened for or confirmed using methods known in the art 
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An "antimicrobial activity" refers to an activity that reduces the growth 
rate or numbers of living microbes in a sample (including prokaryotic and/or 
eukaryotie microbes), such as a culture of microbes or a sample that includes at 
least one- microbe, including a patient, and can be screened for or confirmed 

5 using methods known in the art. 

An "antiviral activity" refers to an activity that reduces the inactivity of 
vims particles in a sample, such as in a sample including at least one virus, 
inclining a patient Such antiviral activity can be directed against, from example, 
DNA or UNA containing viruses, including, but not limited to, herpesvirus, 

10 hepatitis vims and retrovirus. Such activity can be screened for using methods 
known, in the art. 

An "antitumor activity" refers to an activity that reduces the growth rate 
or number of tumor cells in a sample, such as a culture of tumor ceils or a sample 
that includes at least one tumor ceil, including a patient Such antitumor activity 
15 can be direc ted against any type of tumor or tumor cell including, but not limited 
to renal tumor, lung tumor, colon tumor, central nervous system tumor, 
melanoma, ovarian tumor and breast tumor. 

An "anticancer cell activity" refers to an activity that reduces the growth 
rate or number of cancer cells in a sample, such as a culture of cancer cells or a 
20 sample that includes at least one cancer cell, including a patient. Such anticancer 
cell activity can be directed against any type of cancer ceil, including, but not 
limited to renal cancer, leukemia, lung cancer, colon cancer, central nervous 
system cancer, melanoma, ovarian cancer and breast cancer. 

A "cytotoxic activity ' refers to an activity that reduces the number of 
25 viable cells in a sample, including prokaryotic cells, eukaryotie cells or both. 
Such activity can be screened using methods known in the art. 

A "patienf or "subject" refers a whole organism in need of treatment, 
such as a farm animal, companion animal or human. An animal refers to any 
non-human animal. 

30 Other technical terms used herein have their ordinary meaning in the art 

that they are used, as exemplified by a variety of technical dictionaries, such as 
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the McGraw-Hill Dictionary of Chemical lonas and the Stedman's Medical 
Dictionary. 

The biological and ecological functions of the ectemascidins are 
unknown. Some of the roles generally ascribed to secondary metabolites include 
5 deterrence against predation, inhibition of the settlement of fouling organisms, 
protection from bacterial or viral infections, and prevention of encroachment by 
adjacent organisms. 

Localization studies of compounds in sponges or ascidians have 
depended upon the presence of unique chemical stracturai features, such as 

10 heavy elements or pH dependent fluorescence, high bioactivily, and/or the ability 
to separate morphologically distinct bacterial and eukaryotic cells (Thompson et 
al, 1983; Bewley et al, 1996: Salomon et aL 2001; and Unson et al., 1994). 
However, many natural products do not have distinctive structural 
characteristics, and may not have high activity in bioassays. In addition, some 

15 invertebrates are not amenable to tissue dissociation and cell enrichment, and 
many bacteria do not have unique morphologies, hi vertebrates containing 
interesting natural products are particularly difficult to work with because many 
of mem cannot be cultured easily in a laboratory and often must be collected and 
preserved in remote, tropical areas. Additionally, sponge and ascidian systems 

20 are complicated by the tact that the adults filter seawater for food and generally 
contain large quantities of dietary-derived bacteria within their rnesophyl matrix 
and gut, respectively. In order to study the potential role of symbionts in the 
biosynthesis of specific compounds in such complicated systems, it is necessary 
to employ a combination of chemical, biological and genetic techniques. 

25 One method o i studying symbionts in typically complex 

mverfebrate/microbial associations is to focus on the chemistry and bacterial 
populations of non-feeding larvae. Many invertebrate larvae swim for a short 
period of time (minutes to days) and often do not filter feed until they 
permanently settle onto a surface and metamorphose into an adult (Strathmann, 

30 1 985). Matty invertebrates associated with obligate symbionts are known to 
transmit bacteria vertically to their offspring; therefore, any bacteria that are 
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consistently and specifica!!'' associated wUii ilie Ian diis pterin i.d to be uue 
ojmbicnls tkiue^tr et al l)9o Bumahu and ScMe^er, 19°h Htto.se. 2000) 
1 his approach "was used to implicate a Dactena! ssmbiont a source ol ln<. 
potential anti-raneei agents hr ostatm=> l-om the frp r o^oan tiugula 'v? tium The 
5 bt> o'omi Ian ae \* ere found to contam both the htycstatms as well at a 
monoafentc oi symbiotic proteohaotctr.. identified as Endobi'^d t wcuL 
canduiaw (Ha\good and DavuUon, and Pavnhon and Has good iWV}. 

The present invention recognizes t iat organisms t>uch ,is hasten a contain 
nucleic acid r loioculcs that encode nohpeptides tl al i atalyze the iAnfeesio of 
10 binary e corrspour'di, such ab eaemascidm* 

A.s a ncu-Imiiting introduction to the hieath of fee p.ese it m\ emioa the 
present .mention includes ;>e\ eral generJ and luefni aspects, including 



1) a bacteria feat at least in part synthesizes at least one 
ectemaseidin; 

2) a preparation of bacteria from an Ecieinascidia, such as 
Ecteinascidia twbinata, feat includes at least one activity 
involved in the synthesis of an ecteinascidia; 

3) a composition including at least one nucleic acid molecule feat, 
encodes at least one polypeptide that catalyzes at least one step in 
the synthesis of at least one ecteinaseidm; 

4) a composition including a library of nucleic acid molecules of the 
present invention, where one or more of these nucleic acid 
molecules can be used in a combinatorial biosynthesis of 
ec-teinascidifls; 

5) a composition including at least one polypeptide feat catalyzes at 
least one step in fee synthesis of at least one ectemaseidm. where 
preferably at least one polypeptide is derived from at least one 
marine organism; 

6) a composition including a library of polypeptides of fee present 
invention; 
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?) an antibody that binds with or specifically binds with a bacteri a of 
iie picSvUt lii'venunn, 

8) an cmtibocK that hinds w iPi oi specficallv binds! Willi a 
polypeptide ol Uk present invention: 

9) a method jf mahng an ecteinascidm using a bacteria of ttie 
present invention: 

10) a composition made using a baetena of ihe present invention 

11) a method of making a s. i imposition, including prov idmg at least 
one nucleic acid of the piesent invention and s\rvthetwiig ai Va&t 
one ecteinascidm: 

12) a composition made ushil. a nuolue aud of the present invention 

1 3) a method oi makmg a o to position meludui^ providing at 3cas* 
one polyptpude of the pieseut invention and ^mbe^'mg at i^ast 
one ecteinascidm: 

14) a composition made usirg a pohpepnde t>t the pi esent m\ emiou, 

15) a method for identifying at least one nucleic acid molecule 
encoding at least ore aclrv it v o< \r\ oh ed m the synthesis of an 
ectcma&eidm, comprising cod* acting a nucleic aud molecule of 
the picscnt invention with a 3ampte, and ldemitVngTaideie acid 
molecules m said sample that h\budue vviut a uuUcie aud of the 
piesent invention, 

16) a nucleic acid molecnk identified In a mKiud of the present 
invention.; 

17) a composition oompusrog a iibtaiy of nucleic acid taokcules 
identified using a method of the pi £ sent un ention; 

IS) a method for identifying abioat,tive compoand including 

contacting a compound made or ide nitied using a bacteria of the 
present invention and determining the bioactivity of the 
compound; 

19) a compound identified by this method; 
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20} a mctl od foi identifying a b:oactrv3 compound lrcluJin^ 

ooiitptrns 1 corapornil made* or identified inmg a nuclei and 
molecule of thepiesent .m ention and dek-nnuimg the bicdcnvuv 
or the compound; 

21) d compound identified Trv thi^ method, 

22) a method fur luumfymg a bioactive compound including 
<-enuctmg a compound mad>- or identified using a polypeptide of 
the present invention and dctummmg the bio^ctn lty of said 
compound; and 

23) a con ipound identified bv this net hod 



The^e aspects of the invention, as wel 1 a- oihsis described heiem, can be 
achieved bs usms, the methods, articles of manufacture and compositions of 
matter dt-scnhed heiem To gam c hYl appiecianon of the scope of the present 
15 hv entiom it %ill be fmihei reeogrued that various aspects of the picscnt 
invention can be combined to make desirable embodiments of the invention. 



L Bacteria That Synthesize An F,cieii*asridm Vt Least hi Pan 

f he baetcr.fi ra<?v be a member of any bacterial sneces, such ~s species 
20 belonging to the eubatteia or ^rehaLbaokria, dial ^ynthesiie an cctemascidin. at 
least m part Preietah]}, the bacteria arc maure bacteria, such as syrcbionts of 
the tunicate Ecieinitsndm turbma:a The bacteria are isolated from their natural 
giowth envnonment such that they are tuhuied m ihs. absence of then host 
organism. 

25 Isolation, pi nlkanon, and cuituiing of bat ten a tan be accomplished 

Us'ing standard raicrobic logical techniques as the} are knou-n m the ait. Stenle 
tcehnicue can be emploved to prc^ ent the introduction of exogenous bacteria of 
fungi into th^ pieparation The bat ten a of interest may be isolated from b 
**} binara by disi uprmg or hom< igemzmg a prcpaiation of E turbinam. 

30 Disruption or homos?emzaru>u maybe dont. by crushing grinding, slicing, <>r 
mnmring the E no hmau; TKs may be done manually, v. ith or without 
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implements such as homogenizers, razor blades, scalpels, mortar and pestle, arid 
the like, or may be done with any of a variety of machines such as, but not 
limited to, a blender or a motorized homogenize!. 

The disruptate or homogenate ma)' be filtered to remove large particles or 
S debris from the preparation. In this case the filter has a pore size large enough to 
allow bacteria to pass through. Cenirifugation may be used to sediment the 
bacteria. Preferably this is done after removing large particles horn the disruptate 
or homogenate. After eentrifugation, the supernatant is removed arid the pellet 
containing the bacteria may be resuspended in a buffer or media. 

10 The buffer or media to be used in resuspending the bacteria can be any 

media, but preferably is a media that promotes the growth of the bacteria. 'Hie 
media optionally contains a carbon source, a nitrogen source, salts, extracts such 
as yeast, beef, or liver extract, and/or vitamins. It may be desirable to include 
extracts of the E. twbinctta host organism in the media. Such extracts may be 

15 taken from the disruptate or homogenate supernatant, or may be fractions of an 
E. tiit'binaw disruptate or homogenate obtained by one or more ceniri&gations, 
column chromatography steps, precipitations, dialyses, or other fractionation or 
purification steps. Alternatively, samples ofE. turbinata can be processed by 
sterilization, such as by autocfavmg, and the resulting preparation used in 

20 microbiological medium by the optional inclusion of a gelling agent, such as 
pectin, agar or gelatin. Other nutrients can be added to such medium, such as 
vitamins, minerals and carbon and/or nitrogen sources. Optionally, an ocean 
environment can be created by adding autoclaved or filter sea- water, or artificial 
sea water (such as Instant Ocean) to such media. Substances that inhibit the 

25 growth of contaminants can be included in the medium. Such substances can be 
known antibiotics, or can be other substances found to inhibit the growth of 
contaminant, and can be eeteinascidins. 

Cultures may be obtained by plating the bacteria on solid or semi-solid 
media or by propagating in liquid media and incubating the bacteria at a 

30 temperature, pressure and atmospheric conditions that allows the bacteria to 
propagate. Preferably, such culture conditions mirror or are similar to those that 
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the miOL'uigarj^ia <_neountei{j in its mtive emifoument Pure cultaies nvy be 
obtaincd l>\ a % an&y ot art recognized methods, it < b as s<.qaeutia11 s sti caking 
colonies of barton a t< m the rultnre, and- or b\ sequential udufioii of ba< tonal 
cultures' Cultints flinched foi a parbenlai nnuoorgainsin can b<- obtained by 
5 cultim* ^ a sample m a selective cr dittcrential imuobiologtuil medium eu,h 
that iht, iHUtne pioportion of apattieuLti nmrooigaTrsro it. met eased id din e to 
other iniciuoi gamsm:s Such enrichment pi oeedures can bo Usui restoram oh f o 
provice for cricked cultures of varying punty 

fbe backiia mjc\ bi_ cultured on solid or senn-solid media, but once 

10 purified, ttie bactena are piefeiabhv cultured ji liquid media "When etiltuted m 
liquid media, ihc- cultures ma\ be shaken for atraoon, or an may be injected imo 
die oil rare thiaush a tube to introduce oxy^es into the. culture, if budi bacteria 
aio facnltam ely ae.obtc or aen bic 111 metabolism PitftrabV, die m^dia used to 
culture sue i nnuoorgut isms minois is telated to tbe natiuai environment oi 

1 5 the microorganism. 

Preferably tbe baerona are gro^n to optimal density tot the production of 
eciemascidnis or e^temasadm pKcm>o:s, and the bacterial culture is harvested 
and ^ntnfugecto sedunuit tlu hacte^a If the eultuic media is to be uacd foi 
extraetio of ono or more eciemasudms or ^ tema<vidin pi ceurso'-s, tlu. 

20 supernatant *s tcmo*\ cd from the bacterial pellet Puuilcation of a ie oi more 
ecTCinascidms or cetev v ascidm pres. uis< rs ira\ be pciforaiui tln-oue,h any 
niotlii kn »wn or dc\ eloped m the futuie in the ,jrl, including combinations of 
any oi die follow irg dialysis, preeipuations soh ent partition, £aid 
cmomaroKiapby,, ndudtng bigh &poed tounlercurrent chromatography 

25 (HSCCt '), norm? , and ie\ er?e phase chiomatogtaphy. Other methods for 
purifying oigarac molecules are I nown m the ait aid mav be employed as 
appropriate. 

Activities of eefetnastidma mav be assayed bv anvof the following ait- 
recognized methods An antitumor activity may b.. as>&a\ed / I'vousmg 
30 \enogiafts of human tumors m nudt, mice (s^e, foi ^xampk, Veloti ft al , } 977- 
1 933 and 1 f S Patent Numbei s 5,256,663 and 5,080,273, herein mcorpoiated hv 
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reference) ur €% \t?a {Ilakala rt tl , \'>A/) An ami-canter eel' acitvitvmaj be 
assayed usm^ cell lines such as tpe V-J * b munno kukem a ceil Imc the HTO^ 
human <-olon cancer cell Ime, and the A-5>Ji> human hmg adencraic'rionja celt 
lnc <s^. h r sample, US Patent ^,47^032. and 5,0S l! > bxrcoy incorporate! 
5 by reference and rtferenc^s di rinsed thtiem s ) A cytotoxic aevn it} u*n be 
ass>* yed by using the T 1210 murine Iciibema ct-Ils <t the CV- 1 monKe^ kidr.t y 
cc 1 line ta> disc osed tn U S Patents ^ $"8,932 wid 5 256/ 6", both beiehy 
HKOipuiated by reference Astvv- in dctermn e aatirMCtenal and ano viral 
aeiAities die also well knmvn ni the 3rt and nia\ be lone is disclosed in (J S 
10 Patent numbeis 5,089 2"3 and 5s-h>4,71' T , and rcteicncts disclosed therein 

II. Nucleic 4cid Molecule*, f hat Encode Polypeptides That Catalyze the 
Synthesis of 4« Fctehiaseidhi M Least In Part and Libraiies of Such 
Nucleic Acid Molecules 

15 fhc present m\ t-miOi -"Deludes a < omposmon me hiding at least one 

ruckic acid rao'ecuh. such as a substaufialh pt.nfied oi puutkd nucleic acid 
molecule, mat encoder at least a portion of at least < -ne polypeptide fut eatalvzc* 
at La&r une .itep in the svntheiia of at least oi KCtcinasndui Piefeiahly, at least 
out- nr>< leie acid mokcule is demed from at least one marine onanism Ihe 

20 nucleic acid molecules of the present invention can compi iso the nucleic acid 
molecules dis> losed herein, uicludim, PCS. pnmcrh. portions theieol, and nuelctc 
acid molecules mat selectively hybudi/e vuth or have substantial idenhtx- witb 
tli- nucleic acid molecules disclosed herein or poinono thereof, i»r encude at least 
one conservative ammo acid substitution lelaiive to the disclosed sequences or 

25 portions thereof, A. nn< kic acid mokenic oi the present invention caa be DNA, 
RNA ^ngle stianded, double stranded oi any combination thereof 

A nucleic aud moaxuie of the present invention preferably encodes at 
least a portion of a polypeptide m\ oh ed vn ihe synthesis ot at least one 
ectemascidm Fiekrably, the polypeptide is at least a portion of a protein oi 

30 complex that has non-nbosoinal peptide iransfeiase activity, that fxa^ O-methyl 
•transferase activity, that has transaminase activity or that participates in the 
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s\mhe$is 01 modification of on? 01 uoie et ema;>cidin& A. nuden. acid n olccuk- 
jf the pie^ent 1 t\ eiuion preler-iblv encodes at !s<kt a portion of at l«a>>t one such 
ai. 1 e dojiam and can include at least one icmitv of such an uUsre donian.. 
prefeiabh an acimfs that ca*a!\zt.£ a! least onf* step in the synthesis of an 
5 ectemasctdm Piete-abl^, a nucleic acid noleeule ot the ptesenl imention is 
bw'avecn about 10 bast- or >ase pan* md about 500 Kb. between about 100 
buset or base pan s and about 250 \h *w butvn.cn ah ^00 ba* s or base pans 
ard abou* 100 Kb m kngth 

A. nucleic a_id molecule of tbepre^eitt invention can be dtmed finm at 

10 least one marine oi gumsm. A marine oigarauo can include any t «rga»ism that 
can be fou^d su a marine em ironmcpi, either nattovily or xenntvpicalh A 
marine oiaarasm can be a sertthiatu, <.ai lmcntDrato in a unicellular otgai ism 
"uch as a. fungi, akwe or baUena Prefciablv, a -runne organism is an 
invertebrate, such as an fi t^m^CiJia, su^h as Fitfniwtvu furhmatiu or a 

15 umccllulai jrgaiusm, such as a baettna, such as a bacte:u associated with an 
LYit-i-jLt^cjJi j, such i« F{twn>isc </>.; imbmata 

A rucleic acid of die presuit mention can also encodt a fusion pi olun 
thai mc'udetr- a pu1ypept.de of the im-sent nvpntii«s and a poh peptide of mtuest 
A polypeptide of nt~ret>i can be an> pohpeptide, but ts piefeiably a drtectabb 

20 label 3<ich as gi een fluorescent pi c tera, or a sequence thai aids m rht, pnufication 
t if a polypeptide . such as FLAG A nue.eic acid that encodes a fusion pioteui 
can be; made o> opciably linking anuclfie acid that encodes a pohpeptide of 
inteiest with a nucleic acid that encodes a polypeptide of the present imention 
Hit: operable Sinking can be direct ot indirect, stub, as m the ease -where a Itnkwr 

25 connects the polypeptide ot the present *ns eutton with a polypeptide of mteiest 
The nucle-c acid molocuk of the present irvenfton and the nucleic acid that 
encodes a polypeptide of mtere-st are preferabl> opv-rably Itnfcrd m fiarne iuch 
that an opeiable polypeptide of the presun invention and in operable 
polypeptide of mioses* aie tiansiafed fioja rhe auclcir acid, hut that iKCd not be 

30 me case. 
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Nucleic acid molecules of the present invention can be made using 
methods known in the art and described herein (see, Sambrook et al., supra 
(1989); Ausubel et al, supra {1998}). For example, nucleic acid molecules of 
the present invention can be identified and isolated using PCR methodologies, 
5 including RT-PCR, and sequenced using established methods such dial their ■ 
homologies can be determined. The ability of one nucleic acid molecule io 
hybridize with another can be determined through experimentation under a 
-variety of stringencies, or can be estimated based on their length and G:C 
contents. Alterations of identified sequences can be made using routine 

10 methods, such as mutagenesis, RT-PCR or other PCR methods (See, Sambrook 
et al., 1989; Ansubelet al, 1998). 

A nucleic acid molecule of the present invention can include at least one 
expression control sequence. Preferably, an expression control sequence is 
operably linked to a nucleic acid molecule such that the nucleic acid molecule 

15 can be expressed in an in vivo or in vitro transcription and/or translation system. 
The choice of expression control sequences is dependent upon the transcription 
system to be used. For example., if a prokaryotic organism such as E. coli is to 
be used to express a nucleic acid molecule, then at least one appropriate 
prokaryotic expression control sequence would be used. Likewise, if a 

20 eiikaryotic organism is to be used to express a nucleic acid molecule, then at 
least one appropriate eukaryotic expression control sequence., such as the C3V1V 
promoter or LTRs would be used. Such nucleic acid molecules can be in any 
form., such as in. a plasmid or in. a linear form. 

A nucleic acid molecule of the present invention can be provided with or 

25 without expression control sequences in a vector, such as a plasmid or a viral 
vector. Viral vectors can be chosen so that they are appropriate for a cell to be 
iransfeeted, such as, for example, a phage, cosmid, retrovirus, vaccinia virus, 
adenovirus or adeno-a.ssociat.ed virus. Viral vectors can introduce a nucleic acid 
molecule into a cell during its normal biological processes. Non-viral vectors 

30 can be used to introduce a nucleic acid molecule of the present Invention into a 
host cell using methods known in the art, such as Hpofection, cold calcium 
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ehion<> rrcatra eiit > »r c lecti opoi anon The nucleic acid mu}± cu !e m a eeU <. an be 
cxtrachrcn osnma) 01 K ajtegraiei into the genome of tlie cell The host cell can 
be an; aapiopnatc host cell, sach , s a eulcar>otic oi pi jkaryotie cell Preffiabh. 
a nucleic aad molecule of iK preset), wvsntion u expressed m the ce<l, but that 
5 33 not a leqturement uf the .mentnw Preferably, the edl doe 5 - not normally 
include a rucleic acid molecule o. lie piesom invention or expicss a polypeptide 
ot the present ui\ cntion, but {hat need not be the c ase For exam?]*., a cell thai 
e\pi esses a rehtrsely low amount of a polypeptide of the present invention can 
be made t< c ^press. relatively higher amounts of a polypeptide mice v an&le*. led 

10 w ith a nucleic acid of the pi e&enl m\ cntiou 

Cells that expiess pohpoytule uf the present invention can be screened 
fur aua selected using a \anerv of meiiod.\. mi hiding those «;t f<>ith in tlu 
pies\.nt invention Foi example, ramunoassays, such as western blots can b<- 
used in idenufV eel] K sates that include a polypeptide of ti e present las cntiou 

15 Ib addition, innmuioeytoehemistrs can be used can be used to identify and 

locah-e a pub. peptide of die present ravcrti on i>not within ncll Furthermore, 
£ /i ^/Irvbiidi^ation methods, such as FISH, cm be used to ideonfv and locdi^ 
nucleic acid m< ileeules w ithiu a cell <. j nd In bi ,d->z:aion methods can b ; used to 
idenfiA nudeic and molecules, eithurDXA oi RNAloi cellular preparations 

20 Cells or cell K'sates tan be screened fr t an actrvity using a % areU of n^thoJi 
For cample, the abiltt} oi a cell m <,s] 1 "ysate to bind with a .substrate m comet 
a substiate, including a detectable labeled ^ub^tra'c, (.an be used to dsieet a 
particular activity (^ee Ha>good and Da\ daon, 1997). 

Nucleic acid molecules of the present invention can encode peptides that 

25 have non-nbo^otr al peptide synthetase activity, have O-metrn 1 transferase 
acmify, e transaminase activity, or that participate in the synthesis or 
modification of one oi more ectcma-Tidms Nucleic acid molecules encoding 
peptides having such achMiy can be identified be making comparisons rf nucleic 
acid sequence or translation amnn acid sequences dem ed therefrom usin£ 

30 methods known in the au. including BLAST c< »mpirtson« A nucleic acid 

molecule of the pit sent m^enLon can be e-Npitssed and the egression products 
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su -crx-d and confirmed foi ha\ nig &acb sctn t + o> En. addition , jvcletc arid 
rnoecuks of the purest invfcnUcn car* -ncfidr polypeptides ibat have ^thor 
actn itie& "Vetbods ioi scrfMUti t * ™ch acth race die 'known m ibo art 

The prtbent lrrvuitiou also mclmks a hbiary of itucieio acids ot tbe 
5 present an zntxm A Unrarv < f nucidc acids ui Jud^ betv, eon about two, ibour 
foui, About mx about ciabt, about ten about i iut/ about terentv, about one- 
ttuudicd, about cne-ihousand, cbout tcn-tlou-aid, about o^e4uudred ihous'ind 
oi aoout one ralbon huJck a- id molecules and <?bout three, about fhe, about 
sf v ». about went/ about hfh about rh e-hurtdrui aboMt Mj-thoi'saud, about 

10 hw-hund-tAJ thoa£.atid *xd about ten million nucletc tsetd moke ale i I he 
member? of such ; libiarv art preftsrabh dtffeient mkkie avid niuleuilei, but 
that need not be the case. 

The niKkic aud aioleceles of ih« prejeiit m\eutjon cut be used i^r a 
s arie-ty ot* opplicationSv and therefor <nritidebut ate not himtv-d to PCR. pmoois, 

15 probes to identify similar seoucncei and eonstiueta foi tu \ Hi ) or ui vzvt 

transcription and or translation to make pohpeptufea of the piesfnt invention 
The particular appl'Catnu of a nucleic jrui tiiokcuk depends on a \auet> of 
factors, such as the} ait ksiw.ii in the art, oxhide the length, straiidf-dness {^m^ 
bttanded oi double farced and povune stn-.? or uc^atm sousoj, chsnorai 

20 chaiactcri7dtiun \ such as \ )NA fir RNA) ot *hetl er chv, nt.clcic acid molecule is 
detectably labeled or not, 

} IJ, peptide* f hat Catalyzes the Syathe&K of Aa EeteinascidiB At 

Least hi Pan and Lihraiies Tfaeieof 

25 The pi e?isru enbon aIso includes a <. oixipo^itioii mciudirii, at least one 

polypeptide ce a portion thereof that catalyses at kast one step m die smthes-js of 
at least one cctenvs-adin, vhsura the at least one polypeptide 01 a poiuon 
thereof is p.cfciaDlvdaived from at least one inamc rugarism. 

A po'vpeptide ofiht, presen* nvcntion can be dem ed from ?t leas t one 

30 marine or^awf-m A mannc organism car mclivb om otgdra,sm tbat can be 
iomxd m a raarak zu\ ironmcnt, either naturally ot xeiiofypioaUv \ raant e 

30 
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organism can be a vertebrate, an invertebrate or a unicellular organism, such as a 
fungi, algae or bacteria. Preferably, a marine organism is an invertebrate, such as 
an Ectemascidia such as Ecteinascidia turbhuua, or a unicellular organism, such 
as a bacteria, such as a bacteria of the present invention. 
5 The nucleic acid molecules of the present invention can be translated to 

provide polypeptides. These polypeptides can be substantially purified or 
purified and preferably have at least, one activity of a polypeptide that 
participates in the synthesis of an ectemascidin, such as but not limited to, a non- 
ribosomai peptide synthetase (MRPS), an O-methyl transferase, a transaminase, 
1 0 or any polypeptide that participates in the synthesis or modification of an 

ecteinascidia. Assays for non-ribosomal peptide synthetases are known in the art 
(see for example, Marnhiel et al, 1997), and references disclosed therein). The 
activity of the polypeptide can be screened and confirmed using methods known, 
in the art. later developed or described herein. For example, antibodies that bind 

15 with active portions or fragments of an activity can be used to identify 
appropriate polypeptides. Alternatively, substrates for an activity, such as 
substrates that are detectab.lv labeled, can be used to detect the binding of a 
substrate to an activity or the conversion of a substrate to a product. 

A polypeptide of the present invention can be of any length, but is 

20 preferably between about 10 amino acids and about 300,000 ammo acids in 
length and more preferably between about 100 amino acids and about 100,000 
amino acids in length or between about 1,000 amino acids and about 30,000 
amino acids in length . 

The polypeptide of the present invention can be made using recognised 

25 methods, such as by way of recombinant methods as they are known in the art 
(see, Sambrook et al, 19S9; Ausubel et al, 1 998) or by digesting proteins or 
polypeptides. For example, nucleic acid molecules encoding or suspected, of 
encoding a polypeptide of the present invention can be cloned into expression 
vectors that are transformed into appropriate host cells where the nucleic acid 

30 mol ecules are expressed. The resulting polypeptides can be option ally puri fied 
and their activity confirmed using methods of the present invention or as they are 
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known in the an or later de\ eloped Aitenutivch, the w v>\o acuvm <>f 
polyp jptidc; can he confirmed nsmg methods 1 1 the present invention 01 as th>-v 
are known in the art. 

A polypeptide of tlx present invention tan be provided v;vo or v\ ltluu 
5 a ev.il A pah peptide ol the pi csutt invention can he uxpie.^ed within a eel! h\ 
xrd- steering a ceJ ^ ith a nude c acj.d molecule that encoder a pohpepjde < >f tite 
present invention 1 he nucleiL *cal molecule of the present m\ ention can be 
opei ably Lnkcd + o e> pressmen control sequences appi opnate f> >r the cell ■such that 
the nucleic acid molecule of the piesent invention is e^ pressed on 01 lutbm the 

1.0 cell The rtiJciL acid molecule can also encode a fusion protein such that the 
fusion protein i-s e\piessed on oi within the cell In this, instance, a fiiston 
piotemthat includes a detectable label as tlic polypeptide ofmfeiest e?ai be ined 
to con/inn tlis presence or tiack the location of the fusion protcm m tn^. cell 

A poh'peptid v o f the pi-ct>em tm utfKn an also he part o f a fusion protein 

15 thawncludesapolvpeptideottbe-pmsem .nventioji and a polypeptide of mUuM 
A polypeptide of luteust can b>; fitly p alypepnde, bat ts picfurably a detectable 
label aucl as 31 ecu fluoicscent protein, or f sequence that aids m the purification 
01 a polypeptide, such is FLAG A ms uu pr>>tem that includes a poh peptide of 
the presei t invention cau be „nade finn a imuetc deid that encodes a futiou 

20 nrotem can be made bv operabh hrJang a nucleic at id that encodes a 

polypeptide c>f mtens-t w tth a nucleic acid that en> odes a polypeptide ui tlie 
picsent im'ention The opeiab'e linking ca 1 be dnctt or nidi eci, such as m the 
cuse where a bilker connects the polypeptide of the pi eseni m\ oxttion is ith a 
polypeptide of intci est The nucleic acid molecule of ths present im zitii >n and 

25 the nucleic acid that encode-!, a polypeptide of interest are preferably opeiably 
linked m fiam? such tnat an operable polypeptide of the present mv ention md an 
operable polypeptide oi interest are trarslatcd ironi the nucleic at id, but that 
need not be the case The present invention also includes such tusn n protems or 
hbrai.es of such fusion proteins 

30 The present nn ention also include? a hbt ary of polypeptides of the 

present mvention. A library of polypeptides of the present invention, including 
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fusion proteins, includes between about two, about four, about six, about eight, 
about ten, about thirty, about seventy, about one-hundred, about one-thousand, 
about ten-thousand, about one-hundred thousand or about one-million 
polypeptides and about three, about five, about seven, about twenty, about fifty, 
5 about five-hundred, about fifry-thonsand, about five-hundred thousand and about 
ten million polypeptides. Hie members of such a library are preferably different 
polypeptides, but that need not be fee ease. 

IV, Antibodies tb at Bind with a Bacteria of the Present invention or a 
1 0 Polypeptide of the Present Invention 

The present invention also includes antibodies that bind with or 
specifically bind with a bacterial or polypeptide of the present invention. The 
present invention also includes active fragments of such antibodies and methods 
of detecting bacteria of the present invention and polypeptides of the present 
15 invention. In such methods, the binding of an antibody to a target can be 

detected using direct or indirect detection methods, preferably using a detectable 
label, such as an enzyme, particle, or fluorescent moiety such as green 
fluorescent protein, 

20 Bacteria 

The present invention <dsu includes antibodies thai bind with or 
specifically bind with a bacteria of the present tm cation Such antibodies can be 
polyclonal or monoclonal and can be made using methods known in the art (see, 
Harlowe and Lane, 1*^38). The antibodies can be whole antibodies of any class 

25 or subclass or mixture thereof, and can include actn e fragments of such 

antibodies, such Fab fragments made using methods known m the ait The 
specificity of such antibodies can be screened and confirmed using &%a> formats 
known in the art, such enzyme linked imnmnosorbem assays (BI IS As) or 
othei appropriate immunoassay formats. Such antibodies are useful m detecting 

30 the presence and'or amouni of su«.h bacteria in a sample. 
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Polypeptides 

The present invention also includes antibodies that bind with or 
specificall; bind with a polypeptide of the present mvenoon. Such antibodies 
can be polyclonal or monoclonal and can be made using methods known in the 
5 art (see, I larlowe and T. ane, 1°R8) The antibodies can he whole antibodies of 
am class or subclass or mixture thereof, and can include active fragments of 
such antibodies, such as Fab fragment? made using methods known m the art. 
The specificity of such antibodies can be screened and confirmed using assay 
formats known m the art, such as using enzyme linked immunosorbent assays 
10 tELISAs i or other appropriate immunoassay formats. Such antibodies art useful 
m detecting the presence and/or amount of such polypeptides in a sample. 

V. Method of Making Ecteimiscidins Using Bacteria, Nucleic Acids or 
Polypeptides of t&e Present Invention and Compositions Made Thereby 

IS The present invention also includes a method of making a composition 

including providing at least one bacteria, nucleic acid molecule or polypeptide of 
the present imention, and synthesizing at least one ecteinascidm or proem sor 
thereof, 

20 Bacteri a 

At L-ast one species of baetma of the ptesent lmention cau be used to 
perform at least one step in the synthesis of an ectemaseidin. Fhe f ctemascidin 
or ectemaseidin pi ecursor or piceuiscrs synthesized by this method can be any 
previously known or unknown ectemascidin. including novel ectemascidms 

25 synthesized by modification of the biosynihes^ pathvt ay of a naturally occurring 
ectemaseidin, and including no\el compounds synthesized using nucleic acids or 
polypeptides of the present indention that participate m ecteinascidm synthesis. 

I he bacteria may be a member of any bacterial species, such as species 
belonging to the enbacteria or archaebaef cna, that svnfhesi an ecteinascidm, at 

30 least in part. Preferably, the bacteria are marine baeieua, such as symmonis of 
the tunicate EcteinascMa turbinate. The bacteria are isolated from their natural 
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growth environment such that they are cultured in the absence of thc^ host 
oraaiusi x, Bacteria of the present invention may or may not be transformed with 
nucleic acids £om other oigani.sn.s, sueh as other baacnal species. Polypeptides 
encoded by ^uch uuelea 3cids maj participate iu the synthesis of cctemascidtns, 
5 including ectemascidins not naturalh' synthesize d by the cuinued bacieiia, 
including modified tonus of natuiaJly occurring ceteinaecidnis. 

Aiwniaih cly, the baetetia may be novel or pieviinusly identified bacteria 
that do not naturally synthesize ecteanascidins, bin are tianttfoimed with nucleic 
acids ol the picsent invention such that expra sion of the nucleic acids allow the 
10 bacteria synthesize one or more eetemascidm? or one or more ei teinasei dm 
precursors. The bacterid n ay be of any bacteria! species, such as species 
belonging to the eubactcna or orchaebaetena in add'tiou, not d or pieviously 
identified bacteria, such js Utreptomyas lc\endulac. Pseudomelia? fiuoicaccru 
and \k'\f>r<sccm unthus. that synthesize compounds similar to eetemascidim, 

IS may be transformed wtli nucleic ai id;, of the present invention such that £hj 
bactciia piodtu t no\ el compounds 

Isolation, purification, and cultural y of bacteria can he accomplished 
using standard microbiological techniques as they arc known in the ait Sterile 
technique can be empVyed to prevent the introduction of exogenous bacteria ol' 

20 rtmgi into the prepaiation. The back- ia of interest mav be isolated from R 
turbmam by disrupting or homogenizing a preparation ofE. turbinate 
Disruption or homogenization may be dunt by crushing, grinding, slicing, or 
rupturing the E. urdnnata. This may be done manually, with or without 
implement 1 ? such as homo gen i^rs, ra cor blades, scalpels, mortar and pestle, and 

25 the like, or may be done with anv ot a variety of machines such as, but not 
limited to, a blender or a motorized homogsru/er. 

'Hie disruptate or homogv nate may be filtered to remove lar£.e particles or 
debus fiom the preparation. In this, case the filter has a pore skc large enough to 
allow bacteria to pass through Centnrugauon m<±y b<; used to sediment the 

30 biotena. Pz cf crablv thih is done alter i emo\ mg large particles from the disruptate 
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or homogenate. After centrifugation, the supernatant is removed and fee pellet 
containing the bacteria may be resuspended in a buffer or media. 

The buffer or media to be used in resuspending the bacteria can he any 
media, but preferably is a media that promotes the growth of the bacteria. The 
5 media optionally contains a carbon source, a nitrogen source, salts, extracts such 
as yeast, beef, or liver extract, and/or vitamins, ft may be desirable 10 include 
extracts of the E. turbtnafa host organism iu the media. Such extracts maybe 
taken firom the disrupt-ate or homogenate supernatant, or may be fractions of an 
& turbinate disraptats or homogenate obtained by one or more centrirUgations, 

10 coiunm chromatography steps, precipitations, dialyses, or other fractionation or 
purification steps. Alternatively, samples ofE. torbinata can be processed by 
sterilization, such as by autcclavmg, and the resulting preparation used in 
microbiological medium by the optional inclusion of a gelling agent, such as 
pectin, agar or gelatin. Other nutrients can be added to such medium, such as 

15 vitamins, minerals and carbon and/or nitrogen sources. Optionally, an ocean 
environment can be created by adding autociaved or filter sea-water, or artificial 
sea water (such as Instant Ocean) 4o such media. 

Cultures may be obtained by plating the bacteria on solid or semi-solid 
media or by propagating the bacteria in liquid media and incubating the bacteria 

20 at a temperature, pressure and atmospheric conditions that allows the bacteria to 
propagate. Such culture conditions may mirror or be similar to those that the 
microorganism encounters in its native environment. 

Pure cultures may be obtained by a variety of art recognized methods, 
such as sequentially streaking colonies of bacteria firom the culture. Cultures 

25 enriched, for a particular microorganism can be obtained by cul curing a sample in 
a selective or differential microbiological medium such that the relative 
proportion of a particular microorganism is increased relative to other 
microorganisms. Such enrichment procedures can be used restoratively to 
provide for enriched cuihires of varying purity. 

30 The bacteria may be cultured on solid or semi-solid media or in liquid 

media, but once purified, the bacteria ate preferably cultured in liquid media. If 
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the medium is a solid oi benn-sohd medium, a gellmg agent, such aspectm aa,u 
or ^carm i& included Ihe iredium optionally includes a mitogen souice, salts, 
curacts such -is \ea,n, beef, or In et extinct, and/or vitamin If may be deniable 
to include evfucts of 'he E tuibmuta host otgamsm m the media Such e\ tracts, 
5 may be taken nom ilie d;suu'atv oi honogermtc supernatant, or may be fractions 
of an F nwhiaata dismptate or homogenate < >btamed by out, or more 
cenuifugatious, u>lumnchavm 1 nogi<5plry stcfs\ pteapiUltuns, diahses, ot other 
fiaetiuualiuii or purification steps Alternatively, samples of is litrbinata. can be 
proceed by sterilization, Mxh a? b> antoflaMiu, and mo -editing pi op, tation 

10 used in radiobiological medium. Optionally, an ocean environment can be 
created bv adding ,*uro<.ld\cd or ^bei sca-v ax»_r, or attiffcial c ea Aatei <sacli as 
Instant Ocean) to such iredia When oubuied m liquid media, the cultuiCi. ina\ 
be shaken for delation r- ait may V in so led into the eulun-e tbiough oi c ui 
nore tuK,* to ; nfrodacc o\> to en into the cultuie, if such bactena are facultatively 

15 aciobic oi a.iobic m meiah Lsm Pufeiabh, the media used to culture such 
nncrooigarasms mirrors or is i elated to rhe natwal environment of the 
microorganism. 

for ptoduction tf eetemascidms, bacteria maybe tultuud under 
appropriate conditions o* tempuatuie, salt, nmnerts, oH, and aeration The 

20 g/ov ib m.'dia profitably contains compounds that promute op tuna! growth of 
the bdciera, lach as but not bunted to, salts, sugais, ammo acids, \itamri<* 
e vtracU, and or ^uflenng agent? The bactena may be cultured under 
r er]ncntdtion conditions such ihat tl ey may be grown to high density In 
fcrtntntative growth. U may be desirable to add compound? such as sodium 

25 hvdi oxide, to stabilize tr e pH < >f the tr edia as tlie cells grow. Alternative]} , 
tnedid may be exchanged during the ports id of cultunng such thai ihe growth 
media t elans optimal let cis of pH and nuti tents 

Pieeursois of ecteina&cidms, ?uch a» but not limited to ammo acid&, ma} 
be added to the bacterial media Eckmascidin precursors, and other compounds 

30 sue! ah nutrients, may be added to tbv cultuie one oi more times hefote and oi 
after inoculation of the media with bacteria. 
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Cultme meaia ma> K harve<ed dunng the p-nod of gtowtl iur isolation 
of uteinaiCiduas \lie-nattvely the baciena, the media, or both may be 
han erfed at iitr end of the gr<m m period 

Kteniasvidms or <_c!ercay idm precx>oi$ may be isolated ana pimfied or 
5 pdrtuPj punfi cd from the Jiuiia, bacteria, or outh using appropriate, methods as 
thc\ aie known or developed m tbr an ,^uch methods m.w include uiu. oi nt. 10 
<tcp^ ofone oi n oic of the + b11owm£. e:-ntn Juration phase sepatation, 
precipitation, chromatography, dialysis ths pim + \ of ihe c-tcinascidms 01 
ectcma^cidin precurfats may bs e\ aluateJ bv chemical 01 bioph\si>>! mcam, 

10 such as ID or 2D NMR and then a> fmb> assaevtd by anutumoi, anticancei . 

cytotox antibacte iah ir a muial a^ys as thc\ ais know-n m the art including 
tW disclo^d m U S patents 5,256,663 5.4? tf 932,5,484 717. and 5 (tfc'>,2' 7 3 

The piei.au mventi'm also mcoides compound* made oi identified using 
the picsent invention J- or ex ample, du piCbOnt im cnUon includes ecteioa^ culms 

1 5 made using at leas>i o.ic me! bod of the present invention A coi rpound made < *r 
idcnhfc. using a method cf the pies<mt m\ entior can be a no\ el oi uon-nu\ el 
compound Foi example, a corq om d of the pieieat uiwntion cm include a 
compound that was not or ^as not novel on the date oi the tiling of the picsei t 
application or one war oi mk month" pnor to the filing date of the pr&sent 

20 application, 

A compound of t\u piesuit invention can be piovided with <a lea t unc 
pharmaceutic ally acceptable carter aa they are known m ihe art and discussed 
heien Such pharmaceutic ail> acceptable eaneis are know n m the art and as c 
discli «p-d here m A compound * >f the present m\ enteon -an also be a 
25 phcamacciitical composition 

\ ucleh ~A.ud M oh-mdes and Polypeptides 

M least one nucleic acid molecule of the piescnt enfion oi at least one 
polypeptide of the piesent invention c?n be expressed and used in a system to 
30 synthesize an cetenwscidm The eot^nascium or piccur^ois thereof can be 
pun iously known or unknown ecieiuascidm oi piecursrrs thexeof. 
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The present invention utilizes at least one nucleic acid molecule of the 
present invention and/or at least, one polypeptide of the present invention in such 
methods to make known or novel ecteinascidins or related compounds, including 
Et-743. The present invention can utilize at least one nucleic acid molecule of 
5 the present invention and/or at least one polypeptide of the .present invention 
alone or in combination with other genes. These polypeptides and genes can be 
known or later developed and can be derived from marine, aquatic or terrestrial 
organisms. 

For example, some methods of synthesizing ecteinascidins may provide 

10 cassettes thai include a gene complex that encodes at. least one ecteinascidin 
synthesis activity, such as a non-ribosomal peptide synthetase activity, either in 
whole or in part. Nucleic acid molecules of the present invention can be inserted 
into such cassettes randomly or non- randomly, including replacing identified 
genes. When nucleic acid molecules of the present invention are inserted non- 

1 5 randomly into such cassettes, they can be inserted in-frame to replace existing 
genes that encode polypeptides that have functions similar to the polypeptide 
encoded by a nucleic acid of the present invention. The nucleic acid molecules 
of the present invention are thus expressed as polypeptides of the present 
invention, which can act as part of a gene complex to produce known or novel 

20 compounds, such as ecteinascidins. 

Cells or extracts thereof (such as substantially purified extracts) that 
include one or more of the nucleic acid molecules of the present invention or one 
or more polypeptides of the present invention can be used to synthesize a wide 
variety of ecteinascidins including Et-743. Such cells or extracts thereof can be 

25 contacted with a variety of compounds, including substrates for an ecteinascidin 
synthesis activity, particularly an ecteinascidin synthesis activity present in the 
cells or extracts thereof. Polypeptides expressed from nucleic acids of the 
present invention can act on these compounds in order to make a wide variety of 
ecteinascidins including Et-743. In one aspect, of the present invention, more 

30 thati one cell and/or extract thereof can be used in combination or sequentially 
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such that fee products made by combination of cells or extracts can be 
determined and its actn try confhmed 

Alurnam e-lv, f olypeptide,s expired Som nudeie acids of ihepjt^nt 
ir\ ennon can be produced and punned 01 ^ub^tanualh punned ioi i ni Iht 
5 manufacture of one ot more ecieinascidms, one or moie ettemascidm pi ecu- sors, 
or one orrnojc ec,anascidm r ela T ed compounds, im lading uo\ el com; ounds 
The polypeptides miy be piodnetd b\ expit-ssion oj' ih^ nucleic ?cuh oi mo 
present invention m am suitable s\sten, including i.i \ mo transcription and 
transition systems and »> vn u expression ^t^mb iror cx-imple, a polypeptide 

10 of the pi eseit* tm cntion can be evpressed vk ithm a cell bv tiansteetmg a coil with 
a nucleic acid molecule that encoder a polypeptide oi Hit pieperst m\ ention The 
nucleic acid molecule oi iLt present nr-erttion tan be opcablv 1ml edto 
expies?iort eontiol sequencer appropriate *oi the ceil such that the polypeptide of 
the piesent invention i* evpic-^ed on or vuthm the cell, or 'he po'vpeptidc of tht 

15 p esent mv ention (hat i,-> exprssted w ithm a cell is peuetcd from the tell Cells 
toi exores^ion uf a polypeptide of the piesent invention include but arc not 
limned to baetonal cells., auch as E t,c/> oi Bacillus cells, vedot cells, such as 
Su. ; bat on.) Lt s> ceie\i$:jd Pu h*apus*oi^, and Ptchia mcihobi,a, tukaiyotit 
cells, such tr plant cells mseci cells, oi mammalian cells including w.thoui 

20 hmitauon COS 1 cells (A ICC No CR1 K-50) COS 7 cells (ATCCKo CRL 
1651 ), BHk cells (ATCC No CRT 16i2>, BHK ^70 ceils (AICC No CRJ 
1 V 1 4), 20 * cells (AlCCKu CRLl^ 7 ^ and CHO-Kl cells (ATCC No OCT. 
61) Tigris formed or tfansfeetcd cells tan be cultured at. eordmg to comenturtal 
procedures m a culture medium containing nutrients and othet components 

25 k quired for the giowdi of the particular host eell\ and picietahly, tor ,he 
selection of cells containing the exogenous!}' added nucleic acid 

\ polypeptide ot the pit sent invention may be pmified fk>m the ceil 
culture using well-estabhplitd methods! of piotem j-imfication preferabb 
mcludmg atfimty purification {fee, for example Scopes, 1994, \9RS) 

30 '1 he present invention also includes compounds made oi identified using 

the present mvermon Foi example, lie piese; t u \ taHion includes tctemascidms 
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made using ai least one method of fee present invention. A compound 'made or 
identified using a method of the present invention can be a n^vel or non-no\ ei 
compound. For example, a compound of the present invention can include a 
compound feat was or was not no\ el on the date of the filing of the present 
5 application, or ont- year or six months pnoi to fee filing date; of the present 
application. 

A compound of the present invention can be provided with at least one 
pharmaceutical!} acceptable earner d$ ihey are Lnown in the art and discussed 
herein. Such pharmaceutical!}' acceptable earners are known tn the art and are 
10 disclosed herein. A compound of the pieseiii invention can also be a 
pharmaceutical composition. 

VL Method of Identifying Nucleic Acid Molecules, Nucleic Acid 
Molecules Identified Thereby ami Libraries of Nucleic Acid Mok'cuks 

15 Th; present invention also includes a method for identify uig at least one 

ru>.leic acid molecule encoding at least one eciemasculin synthesis activity 
including contacting a nucleic acid molecule of fee present invention with a 
sample, and identifying nucleic acid molecules in said sample mat hybridize with 
**id nudeie acid mokcule of the present invention. This aspect of the present 

20 invention uiili ze< nucleic acid molecules of the piesent iin ention as probes or 
PCR primers m order to identity nucleic acid molecules that have or aic expected 
to encode polypeptides feat ha\ e ectemascidui synthesis activity. 

Samples fen use in fee present invention can be from any source that can 
include a nucleic acid molecule, but preferably include samples from an 

25 environmental sample, such as the marine environment. The samples can 
include marne organisms, including invertebrates or vertebrates or any other 
marine organism. Preferably, fee sample mcludea single ceiled organisms, such 
as bacteria. More preferably, tVe sample includes samples tbat are expected to 
contain an tjetehascidm Such samples include, for example, Ecteivascidta 

30 species, including Ectemascidia turbinata. 
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When iibed as prober, nuckie acid u nlcculcs n*"t\ic pKSe.u unention 
can be deieaubly labeled ard contacted v. ith a sample Mntleic arid molecules 
that bind with the nucleic acid oi the pi: -cm m\ cation can be identified, cloned 
and sequenced using methods 1 nown m the art 1 he identified nucleic acid 
5 molecu'es. can be operably ImPed to expteSvSion coirtiol sequences such that a 
pobvpeptide encoded by ihe iderkified nucleic acid mokcule can be wad*, and 
characterized. 

When uwd as Pi 1 K primers, the nueleu <+cid molecules of tht present 
im enaon can be used to amplify nucleic r loleudes T n a sample One or more 

10 ihan one of the primers used m one or mere amplification reaction? can be a 
nucleic acid molecule of the present rm entiou The arrphfied nacleu acid 
molecules aie pKsumptncly derived from a ginc cntudmg an ectf-inasndm 
svnthesjs actmtj The amplified nucleic acid molecules can be idenufiel, 
cloned and sequenced using methods Ijx>«. n ri the art. The amplified nucleic 

1.5 acid molecules can he eperabl} linked 10 expression control sequences such that 
a polypeptide aieoded by the amplified wit leu acid mo e< ule tan be made ar>d 
characterized. 

11k nuieic sud mokcules of iicpiesent imenticu can alsj be used to 
identify nucleic dcifi molecules that ?re upstream oi downsntam Smna targeted 

20 segment of a gere encoding an ccTcmasexlin synthesis activity A nuc'eic acid 
molecule that cna>ae<; a conceived i egion of a gene encoding an ecrcmasciam 
synthesis actrnty A nuckic acid molecule of the piescnt mvertum can be used 
m pnmei e\teminn oi invoice POR. methods such that upsticam oi do^mfream 
segments from the poht of hybridization arc identified These extended 

25 segments can be identified, cloned and acquenred using methods known m the 
art 'The tended segments can be operably linked to expression control 
^quenees such that a poijpeptide encoded by the extended stgment can be n ade 
and characterized. 

Whether the nucleic acid molecule of ;he present im enuon is u^cd as a 

30 probe, primer or PGR primer, tie methods of the present im cntion identify 
nucleic acid molecules that presumptively encode at least a porti on of a gene 
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encoding an ecteinascidin. synthesis activity. Any of these processes can be used 
alone, in combination or restorativdy to identify at least portions of genes 
encoding an ecieinaseidin synthesis activity in a sample. 

The present invention also includes nucleic acid molecules identified by 
5 the present invention. The identified nucleic acid molecules can include 
expression control sequences operably linked to the identified nucleic acid 
molecules. Such constructs can be used to make polypeptides encoded by the 
identified nucleic acid molecules and the polypeptides can be characterized as to 
a variety of structures and functions, particularly structures and functions 
10 associated with genes encoding an ecteinascidin synthesis activity. The present 
invention includes a library of nucleic acids, ceils or polypeptides identified by 
the present invention. 

VXL Method of Identifying a Bioactive Compound, Bioactive Compounds, 
15 and Therapeutic Compositions 

The present invention also includes a method for identifying a bioactive 
compound, such as those made or identified using a bacteria, nucleic acid 
molecule or polypeptide of the present invention, including contacting a 
compound made or identified by the present invention with at least one in vitro, 

20 ex vivo or in vivo assay system and determining the bioactivity of said 

compound. The present invention includes bioactive compounds identified 
using this method. The identified bioactive compounds can be provided in a 
pharmaceutieaHy acceptable carrier and can be a pharmaceutical compound. 
In vitro, ex vivo and in vivo systems used in the present invention are 

25 preferably those known in. the art" for a bioactivity to be identified. The assay 
chosen to be used in this method is related to a bioactivity that is being screened 
.for. Preferred systems include those that determine at least one ecteinascidin 
activity. For example, in vitro systems (systems that do not use whole organisms 
or whole cells) and ex vivo systems (systems that use whole cells or portions of 

30 cells) for the identification of ecteinascidin activity are known, in. the art, 

including those disclosed in U.S. patents 5,256,663, 5,478,932,5,484,717, and 
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5,089,273. In vivo systems (systems that use whole organisms or tissues or 
organs derived therefrom) are also known in the art (see, for example, Valoti et 
al. f 1998 }. Compounds are identified using these methods as having a desired 
bioactivity. Compounds identified by these methods are bioactive compounds 
5 that have at least one bioactivity. 

Screenin g of compound s for activities 

The following assays can be performed to confirm the bioactivity of a 
compound: 

1 0 a) antimicrobial effect on S. aureus by placing a compound on a paper 

disk and determining the ability of the compound to inhibit the growth of the 5. 
aureus (Benson, 1994), The results of this assay establish the toxicity of the 
compound towards Gram-positive bacteria. 

b) antimicrobial effect on E. coli by placing a compound on a paper 

1 5 disk and determining the ability of the compound to inhibit the growth of the E. 
coli (Benson, 1994). The results of this assay establish the toxicity of a 
compound towards Gram-negative bacteria. 

c) antimicrobial effect on Candida albicans by placing a compound on 
a paper disk and determining the ability of the extract to inhibit the growth of 

20 Candida albicans (Benson, 1994). The results of this study establish the toxicity 
of compounds towards yeasts and fungi. 

d) inhibition of the growth of cancer cells by contacting a compound 
with the National Cancer Institute's (NCI) cell line screen (approximately sixty 
cell lines) against up to fifty-one cancer cell types in vitro (Boyd et al.« 1.995). 

25 These results provide an activity profile for the compound. The activity profiles 
of an extract can be compared to the activity profiles of other samples in the NCI 
database of activity profiles. Similar activity profiles of different extracts, 
including known extracts with known modes of action, strongly suggests that the 
samples have similar modes of action. A novel activity profile strongly suggests 

30 that the compound has a novel mechanism of action. 
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O c\ i< iTomo aai\ i + y of a compound en be vLctermmed bv a vaneh of 
methods mcludmjr inhibition of bnne shrimp by contacting tv> entv-four boar old 
bunt shrimp naupln for invent) -lour hours ■" itli an tompound and ob&ervmg the 
mhuV tion of the actn ity or viamlitv oi lbs brmc shrimp The i e suits oi fias 
5 ass iv esfabhfah the cvtoioxicm of (he ;ompo?md tnv ards m hole organisms 

Compounds identified as ha\mg a bioacnvity 1 ave pit &arop + i\c 
f-ierapccuc actnit^ Such ttiei apeutic uctnitv and i elated pharmacologic! 
parameters can be t onfirmLd usim* j^c mcthodt discussed heiem 

1® l%iriPa(jh %) onJ t oxicity o f b'cactnc c^}itpc^nd<; a*<d biO 'ict nuies. 

Th^ suaeture of a bioactne compound or bioactn itj can be ddeimmcd 
or confirun-d bv methods known m the art. tuch at. mass spectroscopy bv, 
bmactrve compounds and modGUvjes stored for extended periods of time under 
a variety of conditions, the structure, activity and potency thereof can be 

1 5 confirmed. 

Identified b^nactn e compounds aud b.oaeuvkies can be evaluated for a 
particular activity using leeo^niied n ethods and those disclosed herein. For 
example, if an identified bioaetwe compound ot hioacttvity is found {<> bavu 
anticancei cell activity in vitro, then the moacth c compound er bioadjvity 

20 a ouid ha-i e presumptive pharmacological properties as a chemotherapeuue to 
treat cancei Such nexuses aie known m the art for se\ era! disease status, and 
moic arc expected to be discovered over time Based on such nexuses, 
appropriate confirmatory in vitro and m vivo models of pharmacological activity 
and toxicology can be selected and appropriate tests performed. The methods 

25 described heiem can also be used to assess pharmacological selectivity and 
specificity, and t vsaciry. 

Identified moactrvc compounds and bioactivities can be evaluated fur 
toxicologic^ effects using known methods (see, Lu, l c >85; U.S Patent Kos; 
5,190,313 to Cufljreth ussued March 23, 1993) and 5,567.952 to Benet (issued 

30 October 22, l99o>). For example, toxicology of a bioaetive compound or 

bioactivity can be established by determining in vitro toxicity towards a cell line, 
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such as a mammalian, for example human, cell line. Bioaciive compounds and 
bioactivities can be treated with, for example, tissue extracts, such as 
preparations of liver, such as microsomal preparations, to determine increased or 
decreased toxieologieal properties of the bioaciive compound of bioaciivity after 
5 being metabolized by a whole organism. The results of these types of studies are 
predictive of toxicological properties of chemicals in animals, such as mammals, 
including humans. 

Alternatively, or in addition to these in vitro studies, the toxicological 
properties of a bioaciive compound or bioactivity in an animal mode], such as 

1.0 mice, rats, rabbits, dogs or monkeys, can be determined using established 

methods (see, Lu, 1985; and Creasey, 1979). Depending on the toxicity, target 
organ, tissue, locus and presumptive mechanism, of the bioactive compound or 
bioactivity. the skilled artisan would not be burdened to determine appropriate 
doses, L.D S0 values, routes of administration and regimes that would be 

15 appropriate to detennine the toxicological properties of the bioaciive compound 
or bioactivity. In addition to animal models, human clinical trials can be 
performed following established procedures, such as those set forth by the 
United States Food and Drug Administration (USFDA) or equivalents of other 
governments. These toxicity studies provide the basis for determining the 

20 efficacy of a bioactive compound or bioactivity in vivo. 
Efficacy o fbioactivs co m pounds and bioactivities 

Efficacy of a bioactive compound or bioactivity can be established using 
several art recognized methods, such as in vitro methods, animal models or 
bun urn clinical trials (see, Creasey. 1979). Recognized in vitro models exist for 

25 several diseases or conditions. For example, the ability of a compound, or 

composition to extend the life-span of HW-infected cells in vitro is recognized 
as an acceptable model to identify chemicals expected to be efficacious to treat 
HIV infection or AIDS (see, Daluge et. ah, 1995). Furthermore, the ability of 
cyclosporin A (CsA) to prevent proliferation of T-cells in vitro has been 

30 establ ished as an acceptable model to identify chemicals expected to be 

efficacious as mimunosuppressants (see, SuthantMran et at, 1996), For nearly 
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every class of therapeutic, disease or condition, an acceptable in vitro or animal 
model is available. In addition, these in vitro methods can use tissue extracts, 
such as preparations of liver, such as microsomal preparations, to provide a 
reliable indication of the effects of metabolism on a. bioactive compound or 
5 bioactivity. Similarly, acceptable animal models can be used to establish 
efficacy of bioactive compounds and bio activities to treat various diseases or 
conditions. For example, the rabbit knee is an accepted model for testing agents 
for efficacy in treating arthritis (see, Shaw and Lacy, .1 973). Hydrocortisone, 
which is approved for use in humans to treat arthritis, is efficacious in tins model 

10 winch confirms the validity of this model (see, McDonough, 1982). When 
choosing an appropriate model to determine efficacy of bioactive compounds 
and bioactivifies, the skilled artisan can be guided by the state of the art to 
choose an appropriate model, doses and route of administration, regime and 
endpomt and as such would not be unduly burdened. 

15 in addition to animal models, human clinical trials can be used to 

determine the efficacy of bioactive compounds and bioactivjties. The USFDA, 
or equivalent governmental agencies, have established procedures for such 
studies. 

Selectivity of bioa ctive compounds am-} bioactivities 

20 The in vitro and in vivo methods described above also establish the 

selectivity of a candidate modulator. It is recognized, that chemicals can 
modulate a wide variety of biological processes or can be selective. Panels of 
cells as they are known in the art can be used to determine the specificity of the a 
bioactive compound or bioactivity (WO 98/1 3353 to Whitney et ai., published 

25 April 2, 1998). Selectivity is evident, for example, in the field of chemotherapy, 
where the selectivity of a chemical to be toxic towards cancerous cells, but not. 
towards non-cancerous cells, is obviously desirable. Selective modulators are 
preferable because they have fewer side effects in the clinical setting. The 
selectivity of a bioactive compound or bioactivity can be established in vitro by 

30 testing the toxicity and effect of a bioactive compound or bioactivity can be 

established in vitro by testing the toxicity and effect of a bioactive compound or 



47 



WO 02/064843 



PCT/CS62/0376* 



buuctuo a phtiahtv of ceil lnes that exhf n. a \ an oft of eePular paths', ays 
and sensitivities The data obtained i< « m thesf / 1 1 i/ro *oxicm studies cat) be 
e^te-iced to Lxm\d\ model stud,e.>, mchvimg human ehmcd ti'ais, to determine 
toxicity, Lificacv and seleetnit) of abioachve Compound oi btodcovity 
5 The stlecu v U\ . r,pecif,( uv and to^ tco1os>y, as \vt II as rhe genial 

pharmacology , 01 a bioaUrv e compound oi bioactmtv can be often improved bv 
gtneriurtg additional test eKrmcak based un die ftiucture properW rci UKwfrp 
ot a bioactne oorepoand or b^oacuMtvonginalhy identified aa ha\ ing actrvUv 
Bieactive compounds and bioactivues r nk modified tr impto\ c \ arums 

10 piopert'cv such as a*'fimt\, life-linit m blood toxA-ulogy ,>peciliuiv and 

membrane peimcatoht) Such i timed biorcu.\e compounds and bioa< in met, 
tan be sabiec-ted to additional c s&a\:> at. the} a^t; laiown m the art or describe i 
here.ii Methods foi geuwatm^ and anihzm? such compounds or r oppositions 
ate known m the an. such as T ' b Patent No 5 5 74 % t>^t> to A?i afiuns et ai 

IS Phur ma <-ruti< i' 1 i opposition s 

The piesent invention also enco rpasses a bto^tn e c ompotind or 
bioartn itv in a pharmaceutical composition coinpi ism? a pharmaceutic ill v 
acceptable t arner prepared lor storage and pr~ferab)} subsequent adramit tratton , 
which have a phamiaeuitioaUy effective amount- of die bioactvs e compound oi 

20 bioaetivny m a pharroat euuoallv acceptable earner or diluent Aeceptahk 

Larncis oi dilutnts foi theiapeuhc a&c: are Vvcil known m the pharrnaesatieal ait, 
and a-e described, fur e^urnpk, m Remington's Pharmaceutical Scient.es, Mack 
Publishing Co , <X 11. Gcnnaio edit (W^)) Presen ativcs. s'abih/et*, dv^s and 
even rlax onng a/enls can be provided in the phaimacetmcd composition Foi 

25 example, sodium benzoate sorbic acd and csieit, of p-h\dro\> bcn/oic and can 
be added as rues.cr\'atrves h addition, antioxidants and suspending agents Can 
be used, 

I he bioactrve compounds and hi wctix Hies ot the present m\ ontion can 
be formulated and used as tablets, capsuies or elixir* lor oial administration, 
30 suppusitunei foi rectal administration. %i ule solutions, suspensions ot 
injectable admMstration; and the like, injectables can be prepared in 
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com vntion.i1 fo:ms cither as liquid solutions 01 suspensions, solid forms tabic 
foi Suluaun 01 suspen&ion m hqmd pnor to injection, or as emulsions Suitable 
e^upienN a-L, for example, water, sahnc, dextrose, inannuol, lactose lecithin, 
albumin, sodium gli nam ate, c\ stemc hydrochlui 'de and the jke In addition, if 
5 desired, tne injectable pharmaceutical compositions can contain mmoi amounts 
of nonfOMc anxiharv subataives. such as wetting agents, pH buffering agents and 
the like If desired, absorption enhancing preparation, such as liposomes, c-in ht 
used. 

f ho pharmaceutical^ sffecitve amount of a hioactne compound or 
10 bioa.mil> requacd as a Jose v> ill depend on the route of admimsttahon, the type 
of animal or parent huni, treated, and the physical vbaraeiensties oi thv, spline 
ewxaal tinder consideration The dose can bo tailored to <iohie\ _ a df sued effect, 
but will depend on such factois a? weight, diet, coacutrcnt medication ai d ofhu 
fa nor* which those skilled m die medical ?rts will lecognize hi pramc ng the 

15 methods of the prsscrt invention the pharmaceutical compositions eft be Usui 
alone oi m combination \vith imc another, or m combination uli other 
theiapenhc m diagnostic agents These products can be utilized ra i n o, 
prcfeiabb, m a mat imahan patim*. preferably m ahmna: , ox in \mo hi 
employing them vi vk>, the pharmaceutical compositions can be admimsteiod +u 

20 the patient m a ^ yner> of ways, including parente-allv, intravenously 
suhcuifjieoas'y, lnnamascukriy, columcaUy, r^cklft. naxaU\ oi 
ntrapemoneally, employing a vanetv of dosage form Such methods can also 
be used m testing the actn ir> nf bioactive compounds or bioactmties m i no. 
As will be readjl} apparent to one skilled in the art, the useful in vnu 

25 dosage to be jdir.irust^red and the paiticular mode of administration % ill vai^ 
depending- upon the age, % eight and tvpe uf patient being treated, the particular 
pharmaceutical composition employed, and the specific use for which the 
pharaif ceuiiol composition is employed The determination of effectn ** dosage 
levels, that is; Lie dose levels necessary to achieve the de-sntd result, can be 

30 accomplished bv one Called m the art using i outme methods as discussed abo\ e . 
Topically, human ennicaj applications of ptoducts are commenced at lower 
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dosage levels, with dosage level being increased until the desired effect is 
achieved. Alternatively, acceptable /?? vitro studies can be used to establish 
useful doses and routes of administration of the bioactive compounds and 
bioactivities. 

5 In non-human animal studies, applications of the pharmaceutical 

compositions are commenced at higher dose levels, with the dosage being 
decreased until the desired, effect is no longer achieved or adverse side effects arc 
reduced or disappear. The dosage for the bioactive compounds and bioactivities 
of the present .invention can range broadly depending upon the desired affects, 

10 the therapeutic indication, route of administration and purity and activity of the 
bioactive compound or bioactivity. Typically, dosages can be between about 1 
ng/kg and about 1 0 mg/kg, preferably between about 1 0 ng/kg and about 1 
mg/kg. more preferably between, about 100 ng/kg and about 100 micrograms/fcg, 
and most preferably between about 1 microgram/kg and about 10 

15 micro grams/kg.. 

The exact formulation, routs of administration and dosage can be chosen 
by the individual physician in view of the patient's condition (see, Fingle et aL 
in The Pharmacological Basis of Therapeutics (1975)). It should be noted drat 
the attending physician would know how to and when to terminate, interrupt or 

20 adjust administration due to toxicity; organ dysfunction or other adverse effects. 
Conversely, the attending physician would also know to adjust treatment to 
higher levels if the clinical response were not adequate. The magnitude of an 
administrated does in the management of the disorder of interest will vary with 
the severity of the condition to be treated and to the route of administration. The 

25 seventy of the condition may, for example, be evaluated, in part, by standard 
prognostic evaluation methods. Farther, the dose and perhaps dose frequency, 
will also vary according to the age, body weight and response of the individual 
patient, including those for veterinary applications. 

Depending on the specific conditions being treated, such pharmaceutical 

30 compositions can be formulated and administered system ieally or locally. 
Techniques for formation and administration can be found in Remington's 
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PharmaL cmical Suencea, 1 Stn Dl Macl: Publishing Co P *eton, P 4 ( 1 1 
Suitable routes- of adimni,?*tatton can include oiai nasal, "caaL transdermal, otic, 
o«.ulat. vagmal, ttansmitcosaJ dt inte&trjdl aduumsliation, r.u enteral dehvei\. 
racludmg :ua amuse alai. subcutaneous, mtiamedullary injections, as \\Jl a" 
5 mtiatfcecai, direr mnaventncular, inti a venous. Hitrappntoi'eal mnanaarl oi 
intraocular jrn ecuons, 

Foi injection, tht, pharmaceutical compositions uf the piesuit m\euiii n 
can be jomuidiv^l m aqueous solutions, preietahb, in plrvwulogicall} compatible 
buifeis- nidi as Hanks' solution, Ringer s solution or ph> siolo^ical saline buffer 

10 bor such bans>miK ns<il admirustrabon, peneratk, appropriate t< > ihi bauici to tie 
permeated are used m the formulation. Such penetrans* a c gcneialiv known m 
the art I se of pharmaceutical!} acceptable carriers to foimulatc the 
paaunaccutical compositions hu em disclosed for the p*act»ce >f the mv ntion 
mtti dosat?~s sunabk t\« i,)Stemic admxistiatiun is within the «copc of tlv 

1 5 m\ uvLon "W „th proper choice of carrot and suitabk manuiaeturmg piaetice, the 
compositions oi the present im ention. m particu'ar, those formulation cs 
solutions cai> be airmrr&k-ed paienreiallv, such as In u uaActmus niecbon 
Die pharmaceutical compositions can bo formuidLd icadily using 
pharrnaceuucalh act. epuble earners well knov n in the an mto dosages suitable 

20 for oral ad-mmstr ift. 'lis Such earners enable the bmactive con ooundb and 
bioacrmUes of the mv'euttnn to be totmulated as tables, p i lls. cap^uks, liquids, 
gels, syn ps. shames suspeusions and the hke. for oral motion by a patient to 
be treated. 

Agents intended to bo adminrieicd uttraeeMu'arly maybe a&rnniisteicd 
25 using techniques w J1 know-* io those o + ~ ordinary skill m the art Fm es ample, 
suc'i a»cnte r»a> be encapsulated mto liposomes, then administered as desctibed 
abos e. SubrtantaalK all xnokci Us present m an aqueous t-olution at the tone of 
liposome formation aic incorporated into or wit 1 -n rhe liposomes thus leaned. 
Ihe liposomal cont-ms <ue both pi->ten:ed from the external micio-emiioitment 
30 and, because liposomes fire will cell iuembrares aic efficiently delivered mio 
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the cell cytoplasm. Additionally, due to their hydrophobic ty, small organic 
molecules can be directly administered intracellularly. 

Pharmaceutical compositions suitable for use in the present invention 
include compositions wherein the active ingredients are contained m m effective 
5 amount to achieve its intended purpose. Determination of the effective amount 
of a pharmaceutical composition is well within the capability of those skilled in 
the art, especially in light of the detailed disclosure provided herein. In addition 
to the active ingredients, these pharmaceutical compositions can contain suitable 
pharraaceutieaUy acceptable carriers comprising excipients and auxiliaries which 

10 facilitate processing of the active chemicals into preparations which can be used 
pharmaccuticaliy. The preparations formulated for oral administration may be in 
the form of tables, dragees, capsules or solutions. The pharmaceutical 
compositions of the present invention can be manufactured in a manner that is 
itself known, for example by means of conventional mixing, dissolving, 

15 granulating., dragee-making, emulsifying, encapsulating, entrapping or 
lyophilidiwg processes. Pharmaceutical formulations for parenteral 
administration include aqueous solutions of active chemicals in water-soluble 
form, 

Additionally, suspensions of the active chemicals may be prepared as 
20 appropriate oily injedton suspensions. Suitable lipophilic solvents or vehicles 
include tattv uils such as sesame od, or synthetic fatty acid e^teis, such as ethyl 
oleate or tn iris cades or ! iposomcs Aqueous injection suspensions may contam 
substances what increase the viscosity of the suspension, such as sodium 
carboxymethyl cellulose, sorbitol or dextran Optionally, the suspension can also 
25 contain suitable stabi'irers or agents that increase the solubility of the chemicals 
to allow for the preparation of highly concentrated solutions. 

Pharmaceutical compositions for oral use can be obtained by combining 
the active chemicals with solid excipient, optionally grinding a resulting mixture, 
and processing the mixture of granules, after adding suitable auxiliaries, if 
30 desired, to obtam tables or dragee cores. Suitable excipients are, m parti culai, 
fillers such as sugars, including lactose, sucrose, maumtol or sorbitol, cellulose 
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preparations such as, for example, maize starch, wheat starch, rice starch, potato 
starch, gelatin, gum tragacanrh, methyl cellulose, hydroxypropyhnethyl- 
cellulose, sodium earboxymethylcelMose ami/or polyvhvylpyrroiidoiie. If 
desired, disintegrating agents can be added, such as the cross-linked polyvinyl. 
5 pyrohdone, agar, alginie acid or a salt thereof such as sodium alginate. Dragee 
cores can be provided with suitable coatings. Dyes or pigments can. be added to 
the tablets or dragee coatings for identification or to characterize different 
combinations of active doses. 

The bioaetive compounds and bioactivities of the present invention, and 

10 pharmaceutical compositions that include such bioactive compounds and 

bioactivities are useful for treating a variety of ailments in. a patient, including a 
human. As set forth in the Examples, the bioactive compounds and bioactivities 
of the present invention have antibacterial, antimicrobial, antiviral, anticancer 
cell, antitumor and cytotoxic activity. A patient in. need of such treatment can be 

15 provided a bioactive compound or bioactivity of the present invention, preferably 
in a pharmacological composition in an effective amount to reduce the number 
or growth rate of bacteria, microbes, cancer cells or tumor cells in said patent, or 
to reduce the iiifectivity of viruses in said patient. The amount, dosage, route of 
administration, regime and endpoint can all be determined using the procedures 

20 described herein. 

The invention will, now he described by the following non-limiting 
examples. 



Example 1 

25 Identification of Bacteria Associated With 

Ecteinascidia turbinate by in situ Hybridization 

Larvae of £ turbinata for in situ hybridization are fixed in 4% 
paraformaldehyde-0. 1 M MOPS (pH 7.4V0.5 M Nad Fixed larvae are either 
used immediately or stored, in 70% ethanol at -20°C. The fixed larvae are treated 
30 with proteinase K (Boefaringer Mannheim), refixed in 4% paraformaldehyde, 
treated with acetic anhydride in 0.1 M triethanolamine, washed with buffer, and 
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incubated in hybridization buffer (5X SSC, 0.1% Tween 20, 5 mM EDTA, and 
IX Deuhardt's solution) at 55°C for one hour. Fluorescein- labeled probes are 
added in fresh hybridization buffer at a concentration of 2 ng per microliter. The 
samples are heated to 55°C for five to ten minutes and then incubated at 43 °C for 
5 4 to 6 hours. Each wash is conducted twice for 15 minutes as follows: high 
stringency wash 1 is 10% formamide, 5X SSC, and 1% sodium dodecyi sulfate, 
used at 47°C. wash solution 2 is 10% formamide, 2X SSC, and 1% sodium 
dodecyi .sulfate, used at 3TC, and wash solution 3 is 10% formamide, 2X SSC, 
and 0.1% Tween 20, used at room temperature. The larvae are suspended in 

10 Vectasheild (Vector) mounting media and viewed under epifiuorescence. The 
probes used for hybridization are designed to hybridize to regions of the SSU 
rRNA gene (Haygood and Davidson, 1997) and include the universal eubacterial 
probe HUB 338 (SEQ ID NO:4) (Amaim et ai., 1997), the E. patav.ensis SSU 
rRNA probe 1247r (5^AAGTAGCGGCCCTTTGTC-3^ (SEQ ID NO:l), and 

15 the £. sertula probe Bnl253r (SEQ JD NO:9) (Haygood and Davidson, 1 997). 

Example 2 

Extraction of Nucleic Acid Molecules from Samples of 
E. turbinata that Include Bacteria 

20 tuless otherwise noted, molceulai biology procedures used are standatd 

techniques used n the field (Sambrook ci ah, 19S9; Ausubel et ah, f 99&). 

DNA extrac tion 

Samples of either adult or larval E. turbinate were obtained from the 
waters of the Florida Keys. Free-swimming larvae were collected m the lab fxon . 
25 £■ turbinate adult colonics. Larval DNA was extracted as previously dese 'bed 
'tor B. nenhna (Haygood and Davidson, 1997) Larvae were concentrated in 1.5 
milliliter microcentrifuge tubes (appioxnnately 25 mg oflarvae per tube) by 
gentle centnfugation and then rinsed four tunes in tillered seawater (0.2 
miciometcr pore size filter) to minimize tlic contaminating seawater bacteria. 
30 Excess water was removed and the pellets were frozen at -S0 c C for Idler use. 
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DNA was extracted from the & turbinate larvae using a QIAamp Tissue Kit as 
directed by fee manufacturer (Qiagen me. } Valencia, CA). 



Example 3 

5 Identification of Genes in Samples ofR turbinaia 

that Include Bacteria 

Primer design 

Degenerate PCR primers are designed based on adenylation domains of 
noii- rihosomal peptide synthetase (NRPS) genes. PGR primers are designed as 

10 follows; 1) using published degenerate sequences for the A-domains, and 2) 

using published saframycin MX1 sequences as a basis for more specific primers. 
The adenylation domain is selected as the first target because it is the most 
highly conserved region of the NRPS genes. In addition, it is the loading domain 
for amino acids and thus serves as the basis for amino acid selectivity in the 

1 5 NRPS genes. Recently, it has been reported that specific amino acids within this 
domain can be decoded to predict which amino acid is encoded by the domain. 
Therefore, comparison of isolated A-domaiu sequences with those in published 
databases will provide added evidence that the genes are encoding enzymes in 
the ecteinascidin pathway, 

20 

PCM conditions for amplifica tion of DMA from £. turbinaia 

The PCR conditions for the initial amplification of the genes from E. 
rurHnatd DNA can bo as follow s k total reaction volume of 50 microliters 
contains appioximatefy 100 ng of E turbinate DNA ^either adult or lanai\ 1 

25 micromolar ot each of two degenerate primers, and Taq polymerase and buffer 
(Bochrmger Mannheim Corp., Indianapolis, IN). A PCR protocol is optimized 
for the degenerate NRPS primers. The cycle conditions start with a "touch dov, n" 
sequence, which lowers the annealing temperature from oO to 40°C at a rate of 
2°C per cycle 1 cycles), and were then maintains at for a total of 53 

30 cycles. Cycle bieps are as follows: denaturation (Q4 5 0; 1 minute), annr-aling 
t00°C to 40°C; 2 minutes;, and extension (72" C. 1 minute). 
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DNA clonins 

PCR reactions are electrophoresed on 0.8% agarose ge! and visualized 
with ethioimn bromide. PCR products of the expected length are cloned using a 
TOPO TA Cloning kit into the mvlrrogen pCR®2. 1 -TOPO vector as described 
5 by the manufacturer (invitrogen Corp., Carlsbad, CA). Recombinant clones 
containing insert DNA are then sequenced using standard protocols. Since 
NRPS enzymes can be modular, clones from the degenerate PCR primers can 
represent a pool of fragments from different NRPS domains. 

10 DNASeqummm 

Plasmid DNA for sequencing is prepared using the Qiagen QIAprep Spin 
Mmiprep Kit (Qiagen.. Inc., Valencia, CA). All sequencing is performed with an 
AST automated sequencer (model 373A) by using a PRISM Ready Reaction 
DyeDeoxy terminator cycle sequencing kit as recommended by the manufacturer 
15 (Perkin-Blrner). Cloned genes are sequenced using primers directed against the 
cloning vector, pCR (g) 2. 1-TQPO (Invitrogen, Carlsbad, CA). 

Ex ample 4 

Sequences of Ecteinascidin Synthesis Activity from IT. turbmata that Include 

20 Bacteria 

Cloned DNA sequences may be identified by using the BLAST (basic 
local alignment search tool) server of the National Center for Biotechnology 
Information accessed over the Internet (Altschul et at, 1997). Clones that are 
identified as having homology to known NRPS genes can be used to probe 

25 libraries, such as cosmid libraries, made from genomic DNA isolated from E. 
turbinate or bacteria of the present invention. Alternatively, inverse and long- 
range PCR methods maybe used to isolate genes and gene clusters encoding 
NRPS genes and gene clusters. 
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Examples 
Combinatorial Biosys thesis 
Ombinato^iai biosynthesis has generally bet n used m the ~csich fm 
no\ el molecules <a ith applications as phannaeeui.eals or as platforms for 
5 combinatorial syi.th.es j 3 For example, Shen ci al ha\e demonstiatod that 
engmceicd axon atk or modulai PKSs tan be used to ^enciatepojykehde 
hbmnos of different m >kt ular *v, es ?tid shapes fShen et al , 1999) 'I he 
Kosvruhetic gene* ot the pre cnl mv ention, tor example genes jot ori^inaseidin 
s\ i + bcMS, e mid be meoiporatd into fnese systems ic cieate- derivatives/ analogs 

10 of eoteir asciims w th im\>io\ ed properties such as 5 1 duccd toxicity 'm> algia, 
gieaer efOcacj e'e (ShcuUal , IW>, Xue et al , ]< K >M Recently, me 
eiythromyem PKS genes lias e been engmeeied to effect combmatmisi 
alttiotjons of eatahuc activities m the bir synthetic path? ay (McDamel tt al., 
je,oo). This haa res' died m the successful gencjation of more than fifty 

15 mauolfd-e s\ rath \wuld otherwise be impMctical to produce imough cl axueal 
methods T bs leads i< the creation > if ! tbr irn 5 of no\ el "unnatural" nit urai 
ytoducus exhibiting altered functions sMcDamcf et dl„ 1°^} The eeieinascidm 
NRPS ^trnes could be used ui &ueh a .-./siem to ueate analogs of ecteuiaseidm 
•with impi o\ ed pi operties 

20 The doned hosymhaie genes -ps eseuted here faa\ e applications m 

biopiosvp-ctuig The cloned PKS jene- could be used m PCTL w s>w 
bxbndi-ations, etc to isolate uo\ J manne (aid terrestrial) NR?S and 
ccteinascidms whidi may exiub.t no\-el structures, andno\el dctiwttes 
(antibacterial, antifungal, anticancer, etc.) 

25 
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Example 6 

Ihe J ucalizatiou of Bioanhe Sfcoadaij- Metabolites in Sponges. 
'VsridiaiK and thtir Associated Symbionts 

Methods 

5 Adult I nc ilv weie Cupped bv C alSicMarme Techno] ogiet. Iuc , 

Cailsbad, C A from wUl colonies m Floiida and maintained in nitu aquaua at 
28HJ for up to 2 w eeks. Larvae wut, eithu icJcased from tht, volomes in the 
morning .aid md \ (dually collected bv pipette cr e<eised hem adalt individuals 
with a -calpel. Some larvae v,txe collected dmctlv in Sweetings Cay Bahamas 
10 by dissecting gi a\ ul adults v, ithm an hour of collection T <v"v ae w ei e -olkcted 
fxcm the ad^ts, either bv tank laisuig colonics or c\usmg axaud adults Lan ae 
collected b> di^etLon of individuals possessed a rangu of de\ elopmentai stages 
{ hguit, i ). Larvae \we w ashed se\cr.±l times m slenk- seawatei nnoi to all 
experiments. 

15 i art al chemistry - I met, hi indeed lar\ ac ( - WO m :» v< et \s eij-ji^ v ere 

extracted in mOhenol winch was dried -n \acio io af ord o o of extract Tim 
crude e> ti a< t w as dissoh td in deUerated methanol < CD OD1 and auaK/td b> ! H 
KMR spectroscopy The sample w js then diied and dissolved m DMSO at a 
cuuceatiation of id mg/mi and tested m a Haman Colon Tumoi vHCF) 

20 bioassav \. portion of the extiaet dissolved m methanol {\ 00 jig ml} and 
analysed using FS1 triads spectnrnctry 

PCR ol A. turbinate bacterial lt>S rRNA genefc. DMA was extracted 
from either tie^h lan'ae ot larva^ nieborvtcl m Uhanol at 4V u^ing a D"Neas"s lit 
fOiag^o) Portions of the 1 6S lRNfA. gene were amplified using ' unne.sal ' 

25 eubactenal pnmcr pairs 27f-1492r and 1 055f-U92r Table 1 loi all 
i-hgoiiuckot d^ sequences used) (Amann et al , 1V U 5) PCR ^saUion^ were 
performed with 1 5 ( )-2<>Ong lan al genomic DKA, TVk/poiymeiasx, IX Mg 
buffer 10 \ig BSA. and 2>0 \lM dNTP using a H>baid tl ernioc\cler A **) < vele 
progiam was used with the following steps- U ) 0$ f* for ",Q seconds fbi n gtilai 

30 pnmeis 01 1 mmutc foi GC clamp pumeis, (2) 50° loi 1 minute, (31 72° for 1 
minute, .aid (4) a fmal elongations *tep at 72° for 7 lmnues Poor to 
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sequencing, ail PGR products were cleaned using a QIAQuick 1 * 4 cleanup kit. 
Sequencing was performed using ABI PKISM™ Dye Terminator Cycle 
Sequencing. Sequences were analyzed and aligned using Sequencher™ and by 

eye. 



Oligonucleotide Sequences ( 5 ' > 3') 



Application**' References 



Symbiont specific 
ET1 2S5r GGG UUG C'GA AGC AGC 

GAIT G <SEQ m NO;2) 

Domain Baeteua 



Eub2?f 



Cunlrols 
Bnl253r 



20 End 855 
Epl247r 



TGA GCC AGG ATC AAA 
CIO T <SEQ TD NOG > 

gct gcc rrc ogt agg 

AGr(SEQfDN0 4) 

A i G GCT GTC GTC AGC 

T ^EQ fL> No 5) 

cgcccgcc GCGceca x: 

GCrCGGCCCGCCGCCCC 
CGCCCCACGGGCGGTGf 
GTAC(SFQIDKO.ri> 
AAG TCG TAA CAA GGA 
AGC CGI A (SiiQ ID 

CATCGCTGCirC GCA 
ACC C (SEQ ID 

TGC TAT TIG AIG AGC 
CCG CGrTlSEQID 
NO. 10) 

ACG TCA CCG TCC AGC 
CTC T (SEQ TD NO: M) 



AAG TAG CGG CCC TIT 
JgTCfSEQIDNO:12) 



Amaim et al. 5 
1995 

Fuchs et at, 
1998 

A.mann et al f 
1995 

Amann et al. 5 
2995 



Araaitti et a!., 
1995 



Haygood and 

Davidson, 

1997 

Haygood and 

Davidson, 

199? 

Haygood and 

Davidson, 

1997 

Schmidt et 
al. t 2000 



' P = PGR primer, F - FISH piobe 
tj Oligonucleotide sequences used for FISH experiments were 5' biotinylaied 
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Denaturing gradient gel electrophoresis CDGGE) of bacterial 16S 
rl^N \ from £. tutbiuata, DGGH 'S a Technique th.it \\x* bem used to .separate 
arid identify baetenal sequences fiom complic.i + cd rmxtnies <>f microbial 
papulations based on the small sublimit iRNA genes (SbU rRNA) (bakat ct a! , 
S 1 Q Q f>) Rabosomal RNA i& on ideal molecule tu use for ph>Iogcrieuc studies 
because it \s rJatnelv conserved throughout all oigaoisms and „onums 
mte- s.pers< d variable repons "T ui verbal" pnmeis at e u&e J to ampHy die 
\ anable regions of the SSU rRVTA gene fiom a mixed population of hactena 
These amplified gene fragments of i\e .sane size arc tlwn sepaiated 
10 electrophoreTicaliy according to sequence differences tpnnaiily GC content) on 
a denaturing gel The resulting bands can be C* cised fiox i the ^cl, ^amplified 
and sequenced. 

D< 'GE experiments were peifonueu on SSL rRNA^enc itasrneuts 
{1<i55-13 C) 2 eoi responding to F t.oh miraherng) amplified from E turbinata 

1 5 genomic DMA to study toe diveiiity of associated mir tobes. PGR product* 
containing a GC clamp wei o cleaned with a OJAQuicL kit I he 8 ' o aciylarmde 
gel gradient 1 ; ^erc made with 20- '<'0V 30-70' ' 0 j U d 3u-60°o dcnatuiari (mea) 
and run m IX TAJi buffer J obX for either 5 or 14 hoars {2<)uV ot £0\ . 
respective] \) using a BioRad DCed^ DGGH avttem. Bands v\cre stamed for 20 

20 mmutu. with Syba-y> 1 d- tM ftuorescv.Lt stam. documented asmg a \uclcofech gel 
documentation system v\ ith Nueko\ mon so ft vvaie and cut out using sterilised 
lazoi olades Each baud was incubate J m an equivalent s olume of 0 ^ X TC 
butfci n\cmight at 37 l, C and 5 ul of this solution was used as a template for 
PCR amplification with 10551" and l.W?r piimeis. Pt 1 R products v> ere cleaned, 

25 cthanoi precipitated and submitted tbi sequencing 

Micmscopy. For IT.M, km ao weic fixed ra Karno^sky's hvative at 4°C 
Samples v,erc futthor fved m l% osmium rctroxirte m caeodjlate buffei for I 
hoar, Earned with 4% ethanohc many! acetate, dehydrated in an 
eihano] -'propylene oxide ^ene^ ar.d embedded m fcpon itsui. Thick sections (I 

30 pan) \\ ere obtained on a Reiehert Ulbarmcrotoroe and stamed w itb toluidene 
blue. Thm section? (sih n-gold oy interference,) weio stamed \wth bismuth 
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(0.025 ul saturated bismuth per ul water) and 4% ethanolic uranyl acetate and 
examined on a Zeiss TEM. Light and confocai microscopic images were 
obtained in the region near the adhesive papillae for orientation. 

Jmirnmoiocalization experiments. For Irani unogold experiments, 
5 larvae were fixed in paraformaldehyde and then hybridized with, the fluorescent 
EUB 338 probe (see FISH section), dehydrated in an ethanoJ series, embedded in 
LR white resin, cured overnight at 50°C\ arid sectioned to gold thickness by 
interference. Sections were picked up on parlodion coated nickel grids and 
incubated on drops of blocking buffer (TBS, pH 7.6, 0.8% BSA, 5% normal goat 

10 serum, 0.1% sodium azide) for 30 .minutes at room temperature. Grids were 
transferred to goat anti-fluorescein antibody conjugated to 10 am colloidal gold 
diluted 1 :25 with gold buffer (TBS, I % normal goat serum, 0. i % gelatin, 0.2% 
sodium aside) for 2 hours at room temperature. Grids were washed in buffer 
(blocking buffer without goat serum) 2 >■ 15 minutes, TBS 2*10 minutes, and 

15 distilled water ] x 5 minutes. Tissues containing immunolinked gold were fixed 
by incubating sections in 2% glutaraldehyde in 0. 1 M Ma Cacodylate buffer, pH 
7.4 for 10 minutes. Grids were then counterstained with 2% aqueous urany] 
acetate for 10 minutes followed by bismuth subnitrate for 10 minutes, and 
examined by TEM. 

20 Fluorescence in situ hybridization (PISH). The probes used for the 

hybridization experiments were the universal eubacterial probe EUB33S or 
"symbiont specific'' probe Eil253r. The sytnbiont specific probe was designed 
based or. the sequence obtained from the two DGGE bands (see above). The 
most variable regions of the 16S gene between 1055 and 1392 were analyzed for 

25 site accessibility and similar sequences using CHECK PROBE <KDP) (Amann et 
al., 1995; Fuchs et ai, 199S). 

For control experiments, the following probes were used: tire bryozoan 
symbiout specific probe (Endobugula sertula) Bnl 253r (Haygood and Davidson, 
1997); a scrambled probe Bncontrol (Haygood and Davidson, 1997); the sponge 

30 symbiout specific probe Entoiheomlla palauensis 1249r (Schmidt et al., 2000); 
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and no piobe coutiols The sequences of all probes used arc show u hi Table i . 
Lach piobewas 5' labeled with eilhei fluoicsscenioi CY5 

The hybndization protocol v<as adapted from Ua^ood and Da\idson 
(Haygood rind Daud'son. 1Q9" 7 ), Samples were fixed id 4% 
5 paraformaldehyde PBS (phosphate buffered sahne, pR 7 4} ; dtbjdr.ited through 
an cthanol series in 70% .aid Mured at 4" C. Appjoximaieh 1 0 larvae v. eie 
p-nneabih/cd with pioteinase K„ r^fixtd with 4% patatbimaldeirydc in PBS, raid 
blocked vi uh acetic onto dride. After washing, they were then suspended ui pre- 
hybridization buffer ( 1 mg total RNA and 1 00 ug heparin per ml. 10% 

10 formamuk, 5X SSC, 0.1 % Tween 20. 5 mM FDTA and 1 X Denhar.-fcf stduuon) 
and incubated at 43 V C lor I hour For the hybridisation ^tep, labeled piobe was 
added to a concentration of 2 ng'ul, and the samples were incubated at 55* C for 
10 mmutfe. and then overnight (-- 15 hours') at 43 °c. Sampler were then washed 
according to the .ollowuig schedule {J } 2 times for 1 5 minutes at A^C v, ith 

15 high stimgocv solution (10% ibnnamide, 5 n SSf. and i% sodium dodecyl 
sulfate), {2} 2 time* 15 m mures at 3~"C with wa&h 2 (10% formamide, 2 SSC. 
and 1% sodium dudec\3 sulfate); (3) and once at room temperature for "K> 
rmru'ss with wash 3 (10% formamidc, 2 - SSC, and 0.1% Tween 20i AiVr the 
final wash, the lan ae w ere suspended and stored m PBS. Foi analysis, the 

20 larvae were mourned in V<Mashield TM and examined w ith a Zeiss 510 eomocal 
laser-scanning microscope. AH excitation wavelengths t48S. 56!?, and 647 ran) 
were us;d simultaneously to help visualize the tissue ninoundmg any siernal. 
Images weie obtained and manipulated using 3-D for Lh\f software 
Results 

25 Chemisirv . The lan al extrat t^ v, ere \ ery acti\ e in the I JCT Moassa> 

(Jt\, ~ 0 o5 jig-mf which suggested the presence or the ectema^eidins. No 
ccreinaseidms could b^ detected by 'TI NMR analysis of the larval extracts, 
llovi/cvcr. analysis by ESI MS provided a patent ion of 744 which s-orrehponds to 
Et-743 [JVf . 1 f j"\ and boirbardment of thai peak produced the fragment 494, 

30 which corresponds to the loss o f the C-rmg subunit (Figure «>) 
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PCR. The use of universal ttibfccterul pntnejt* allowed amplification of 
- I40< 1 up of oacterial 16b iRN -V be-quaices irom genomic D1S A isolated from 
larvae, although the Melds weie genu ally ]c-w fhe amplified pioducts w«c 
■•ubraitted for seqnei cmg dtrecllv, but a clean seqaence was not obtained The 
5 -J 00 bo FOR product? \\ ere subjetted to DGGJ5 analysis (Figure 7) The two 
diffuse band? s\ ei e cut nut and ^quenced The consensus rR\A sequence as 
determined to be. from 5' to 3', 

T fGGGT f A \G I CCCGT AACGAGCGCAACCeTT f CCC I TAG 1 '1 GOCAOC 
G1GTAAAGACGGGGAG i CTGAGGf t iACTGCVGG rOAI AAACtGGAG 

10 GAAGCr GAGGAOGAC QT< 1 A\ul C A f C ATGG FCC Tt AOGAGFAGG*. ,C f 
\CACACGTGCTAO AA f GGTATGTACA.VAGGGAGGCAAAATrGTAAAA 
1 C 1 AGCAAATi i C CA \A AGCA f A ff TTAG fCCGGA T TGAAGTC I GC* 
AC I CGACTTC ATG AAGT 1 GGAATCGL 3 AGFAATCGCG AATCAGCATC 
FCGCG GTGAA fACGTIGCCGGG* 'CTT (SfcO TD N< U3\ 

15 Sequence analyses <?hov\ ed that tlu two bands were almost identical, and 
different by only r our h,*sts'gap>- 

Pkylogeaetic analysis, fhe - 345 bp sequences obtained ft on Die 
DGGE bands m?ic submitted to both BLAST tGenBari:^ and RDP online 
analysts programs io find ihe most closel> lelated sequences The top X matches 

20 were aligned vvuh the .arval sequence: and tiai outgioups using 

Sequent fee" M The related seque ices used n the alignn fix a jd nees weie 
unuiltaed gajwnapnMeobactcriiimclone S-65, Bathywodiolii* platifrom. 
Me;hylobacUrp^Jwophihts Mcthy h/io ;z.k sp 1a\ 16, clone T OH 6, 
t idos\tnbiout of the greenhouse ^hitefly, Vnaleu- odes vaporariorsm, 

25 Barhymodiohts japonuus, Halomonas. mtntophilas. Outgioup^ were }ibno 
fitenen k d Streptomycss Ixwndulae (Figure 

FISH. TnthcFISHcvpcnmeiife 5 botbthcEUB33Sandii sutida 
Bnl253r probes hybridized to specific cells Lmle To no siiaial was detected 
troti the no probe control, A paL-utmsis 124"?r and the shambled Bncoauol 

30 probe (Figure S») The oells marked by signal w et e quite la:ge (5-10 p,vi) and 
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appeared to be ascidian cells. Higher resolution analysis was attempted using 
thick sections but the cells could not be identified (Figure 10). 

Due to the positive result from the E. sertula probe, the specificity of the 
binding was tested using mors stringent PGR amplification. PCR products were 
5 obtained for all bryozoan samples as expected, and only from the eubacterial 
primers for the E. turhinata samples {Figure 1 1). 

Microscopy. Both light microscopic and TEM analysis of the larvae 
suggests thai there is not a large population of bacteria either within or associated 
with the host cells, as the FISH experiments appeared to suggest. (Figure 1 2). A 
1 0 few bacteria (1-3) could oceasi onally be seen by TEM within the larvae, but 
external to larval ceils. The gold-labeled anti-fluorescein antibody experiments 
failed to localize the cells associated with the original oligo signals. 

Discussion 

1 5 The structural similarity of the ecteinaseidins to known microbial 

metabolites provided compelling circumstantial evidence for a bacterial source 
of these compounds in the ascidian. By focusing on non-feeding E. turbinaia 
larvae, complications such as filter feeding in the adults could be avoided. The 
secondary metabolites of the larvae were determined in conjunction with 

20 genomic studies in an attempt to obtain information about the biosynflietic 
source of the ectemascidin compounds. 

The chemical analyses showed that Et-743 is present in the larvae in high 
enough yields that it can be easily detected in crude extracts by ESI mass 
spectrometry. Although the exact location of the metabolites is not known, it is 

25 suspected that at least some are associated with the surface of the larvae due to 
the immediate deterrent effect against fish upon uptake into the mouth 
{Bingham, 1986). 

Initial PGR experiments using bacterial primers suggested that bacteria 
were associated with the larvae. FISH experiments using eubacterial probes also 
30 suggested the presence of bacterial sequences either inside or associated with 
ascidian host ceils. All the control probes except for the Bnl253r (Endobugula 
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semda ) probe provided negative results The presence oxE s<rtn1a or closeh 
related species was tested by PCR amplification using B. set tula specific 
primers. Ko amplification was detected. 

Due to the relatively abundant signal inferred by the eubacterial probe, it 
^ was expected that large numbers oi bacteria would be detevted by TFK1 analysis. 
However, extremely few morphological!} distinct bacteria could be \ isualized. 

Ft id possible that there are bacterial symhkmfs associated v< ith the 
aseidian larvae m small numbers or with onl\ adult 1 ; that produce Ct~"43. There 
are some invertebrates that contain obligate symbionts as adults but do not 

10 transmit them to their offspring For example, sepiohd squids contain f-vmbiohc 
bacteria < Vibno jischt/n) in their light organs that are responsible for 
bioiummescent light pi od union, but the s\ml>ionts aie not vertically uansmutrd 
to then eggs. Imtead, the young squids selectively obtain the same symbiont 
frum the ambient scav.arer (\>hclm a al., 2000). Aitolhei mode of vertical 

1 ^ sytnbiom transfer it, for the adult lo brood eggs aposynibioticaily and then allow 
the passage of bacteria onto them as fhe\ pass specific organs into th*. 
environment (Giere et al , 1 991). Some larvae were excised from E. uahinata 
foi mis study pnoi to natural release and could uVrefoie bo aposymbiotk due to 
this possible mode of symbiont transfer. fiows\er, TEM and FISH experiments 

2(1 conducted with both "natural*' Ian ae and dissected samples pro v ided identical 
results in all cases. 

The ecological and biological functions of Et- 7 43 are still largely 
unknown, although theie is some evidence to suggest that the} serve as a feeding 
deterrent for the lan ac (Young and Bingham, 195C) Feeding experiments using 

25 adult extracts showed that they were only deterrent when the protein level of the 
test foods matched the extremely low concentration in the aseidian {Kicklighter, 
2000). Other possible functions include prevention of bacterial or vtral 
infection, settlement cues, and -'or prevention of encroachment of nearby species 
Some workers ha^e also found that the tiger fjpiworm FseuJoceros crorm feeds 

sO exclusively upon adult E. turbinate* and selective}} sequesters some of the 
ectemaseidias (Wright, 1999). 
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Example 7 

Characterisation of Putative Bacteria! Syaibiouts of Ecteinascidia turbinata 

DNA was isolated from Ec&iitKviJia turbinate (FT) larvae stored m 
5 proteinase k (from the Qiagen DNeasy I'M) at 4 C C. From fre:>h ETs, numerous 
larvae wen; collected for flung for FISH, RNA isolation, DXA isolation, and 
DAPl staining. C-sectiom were performed and n&metous larvae in different 
developmental stages was collected and stored, as well as the adults, m ethanoi. 

10 Resul ts 

9.5 ^ig RNA was isolated from various batches of larvae. 
DAPi staining showed fluorescence in small round dots of consistent 
size. A second DAPI staining was performed using efhanol-preserved larvae in 
order to control for potential auto-fluorescence by using an unstained control. 

15 While no autofluoreseence was seen in the second DAPI. the dots were not 
present in the stained samples. 

PGR experiments were performed using 130-1 90 ng of larval DNA and 
the 1 055f/l 392r primers without the GC clamp; and, because the 33S probe 
sequence gave a positive signal in FISH (Example 6). in a separate reaction the 

20 338f/l 392r (non-GC ciamp) primers were used. PGR conditions were identical 
to those in Example 6. The PGR. products were rearaplifled using the 
1 055f/l 392r primers, with a GC clamp on the reverse primer, and several 
reactions produced strong bands. 

The products were cleaned with an ethanoi precipitation, quantified, and 

25 a DGGE with a 30-70% gradient on a S% gel was performed with both a 

negative and positive (E. coli) control As in Example 6, samples gave rise to 
two wide bands on the DGGE gel. in addition to other bands. Seventeen bands 
were removed from the DGGE gel DNA from the bands was purified and 
reampiified with the 1055f/1392r primers. Following clean-up, either 50 ng or 

30 90 ng of DNA DNA was subjected to sequencing. Sequence of rite two bands 
was, 5' to 3\ 
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Band 11c 

TATGGCTGTCG'n'CA.GCTCGTGTCGTGAGATGTTGGGTTAAG'rCCCGT 
AACGAGCGCAACCCTTTCCCITAG1TGCCAGCGTGTAAAGACGGGGA 
CTCTGAGGGGACTGCCGGTGATAAACCGGAGGAAGGCGAGGACGA.C 
5 GTCA4GTCATCATGGTCCTTaCGAGTAGGGCTACACACGTGCTAC,AA 
TGGTATGTACCAAGGGAGGCAAWATTGTAAAATCTARCAAATCCCC 
MAAAGCATATCTTAGTCCGGATTGAAGTCTGCAACTCGA.CTTCATGA 
AGTTGGAATCGCTAGTAATCGCGAATCAGCTATGTCGCGGTGAATAC 
GTTCCCGGGCCTTGTACACACCG (SBQ ID NO: 14); and 

30 

Band lib 

TTAGTTGCaGGG f G f A\GACGGGGACr<^TGAGGGGACTGCCGGTGAT 
A A ACCGGAG G AA GGCGAGGACGACG TCAAGTCAT^\ATGGrCCiTAC 
GAG! AGGGCTACACACG I OCT \C YATGG TATG T AC AAAGGGAGGC A 
15 AAA1 I'G PA.A \ A I Of AGO AAATCCCCA A \ AG C A. TA rCTl AGfCCGGAT 
TGAAGTCTGCA AC TC GACTTCATGAAGTTGGA ATCGC 1\AGT.AATCG( * 
GAA7C \GC ATGTCG CGGTGAA tACGT I CYCG GGOC riGTAC \t\C 
(SEQ ID NO: 15). 

20 The consensus sequence fiom thest jamH wits exactly as thai ol 

Example b Uw'ng ins dam, several pUylogenelic trees using both distance and 
parwmoijy methods ware constructed, and m all cases, ihe LXjGU sequeocts 
weie most ciusel\ related xo two svmbionts of the whitefly as described in 
Example o. The sequences were also lelated to several Halornonas sprues, 

25 

All publications, including patent documents and scientific amoks... 
referred to w this application, including any bibhotaaphy, are incorporated by 
reference m their entirely for all puiposes to the same extent as if each individual 
publication were individually incorpoiafcd by le^rencc. 
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WHAT IS CLAIMED IS: 

1 . A composition, comprising a bacteria isolated from Ecteinascidia 
turbinata. 

5 

2. The composition of claim 1 , wherein said bacteria comprises at least one 
activity that is involved in the production of an ecteinascidia or a precursor 
thereof. 

10 3 . A composition, comprising: at least one nucleic acid molecule that 
encodes at least one polypeptide that catalyzes at least one step in the synthesis 
of at least one ecteraasoidin, wherein said, at least one nucleic acid is derived 
from at least one marine organism. 

1 5 4, 'The composition of claim 3, wherein said at least one polypeptide 
comprises at least one activity of at least one non-rihosomal peptide synthase. 

5. The composition of claim 3 S wherein said at least one marine organism 
comprises at least one bacteria, 

20 

6. The composition of claim 3, wherein said at least one marine organism 
comprises at least one invertebrate. 

7. The composition of claim 6, wherein said at least one invertebrate 
25 comprises at least one Ecteinascidia. 

8. The composition of claim 7, wherein said at least one Ecteinascidia is 
Ecteinascidia turbinata. 

30 9. The composition of claim 3, wherein said at least one nucleic acid, 
molecule further comprises at least one expression control sequence. 



7! 



WO 02/064843 



;PCWUS<)2/03?03 



1 0. The composition of claim 3, wherein said nucleic acid molecule is in a 
vector. 

1 1 „ The composition of claim 10, wherein said vector Is within a cell, 

5 

12. The composition of claim 3, wherein said at least one nucleic acid, 
molecule is within a ceil. 

1 3 A composition, eompn? mg <? Ur a~y o* miv. loic acid vie lecule^ of Uami ^ 

10 

14 A wOmpOiition. comprising i£ least one polypeptide that eatah at 
le^st one *tep m the s\mhesis of at It-ast one ectema^cidm, wherein ->aid 'it lea«r 
one polyp*, pudc is dern ed fi wn at ba^t ore mat me oj jamsui 

15 15 The composition of claim 14, w Iteicn <uid at Itast one cctcinascidm 
comprises Et-743. 

1 6. The composition of claim 14. wherein said at least one marine- organism 
comprises at least one bacteria, 

20 

17. The composition of claim 1 4, wherein said at least one marine organism 
comprises at least one invertebrate, 

18. The composition of claim 1 7, wherein said at least one invertebrate 
25 comprises at leasf one Ectema-iCidir,. 

1 Q. The composition of claim IS. whet em said at least one Eczeinasc idia is 
Ecteinascidia iurbinata . 

30 20. The composition of claim 14 s wherein said, at least one polypeptide is 
within a cell. 
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21 A composition, comprising a bbur} of polypeptide oi claim 14 

22 \ composition comprising an antihod/ or an active fia^raent thoieof that 
bindi. with oi specifically binds with a bactuia of claim 1 

5 

23 A composition comprising an antibody oi an acme fi agraent tbeieof that 
brads with ui specifically binds with a polypeptide of claim 14 

24. <V method of mdcmg a composition, comprising' p:ovidwg at least one 
10 composition of dsnn 1. and s^ni'it-Mzmg at 1ea\t one cctemascidin. 

25 . A composition made by the method of claim 24. 

2o The composition of claim 25, wheiem ^aid composition does not 
15 compns« a known ectemascidm. 

17. The ct mposHion of claim 24, comprising at least one phaxmaeeutically 
acceptable earner. 

20 28. Hie composition of claim 24, wherem said composition is a 
pharmaceutical composition. 

29. A. method of making a composition, comprising: providing at least one 
composition of claim 3, mid synthesizing at least one ccteinascidin. 

25 

30. A composition made by the method of claim 29. 

3 • . I he composition of claim 30, wherein said composition does not 
comprise i known bryostatin. 

30- 
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32, The composition of claim 30, comprising at least one pharmaceutical!}? 
acceptable carrier. 

33, The composition of claim 30, wherein said composition is a 
5 pharmaceutical composition. 

34, A method of making a composition, comprising: providing at least one 
composition of claim 14, and synthesizing at least one ecteinascidin. 

10 35. A composition made by the method of claim. 34. 

36. The composition of claim 35, wherein said composition does not 
comprise a known ecteinascidin. 

1 5 37, The composition, of claim 35, comprising at least one phamiaceuticaHy 

acceptable carrier. 

38. The composition of claim 35, wherein said composition is a 

pharmaceutical composition. 

20 

3$. A method for idcnthjing at least one nucleic acid molecule encoding at 
least one polypeptide that eaUly/es at Itxisi one step in the synthesis of an 
ecteinascidin , comprising, contacting a nucleic acid molecule of claim 1 with a 
sample, and identifying nucleic acid molecules in said sample thai h>bndhe wvth 
25 said nucleic acid molecule of claim 1 . 

40. The method of claim >>, wherein said sample is derived at least in part 
from an environmental sample. 

30 41 . The method of claim 40 ? wher ein said environmental sample is derived at 
least in part from a marine environment. 
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42. A micleic acid molecule identified by tlis method of claim 39, 

43. The nucleic acid molecule of claim 42, comprising an expression control 

sequence. 
5 

44. The nucleic aeid molecule of claim 42 in a vector. 

45. The nucleic acid molecule of claim 42 in a cell 

10 46. A composition comprising a library of nucleic acid molecules of 
claim 42. 

47. A method for identifying a bioactive compound, comprising: contacting a 
composition of claim 1 wife an in vitro, ex vivo or in vivo detection system and 

1 5 determining the bioactivity of said compound. 

48. A bioacti v e compound identified by the method of el aim 47. 

49 . The bioactive compound of claim 48 ill a pharraacsutically acceptable 
20 carrier. 

50. The bioactive compound of claim 48, wherein said bioactive compound 
is a pharmaceutical compound. 

25 51, A method for identifying a bioactive compound, comprising: contacting a 
composition of claim 3 with an in vitro, ex vivo or in vivo detection system and 
detemiining the bioactivity of said compound, 

52 . A bioactive compound identified by die method of claim 5 1 . 

30 
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53. The bioactive compound of claim 52 in a pharrnaceutieaUy acceptable 
carrier. 

54. The bioactive compound of claim 52, wherein said bioactive compound 
5 is a pharmaceutical compound. 

55. A method for identifying a bioactive compound, comprising: contacting a 
composition of claim 14 with an. in vitro, ex vivo or in viva detection system and 
determining thebioactivity of said compound. 

10 

56. A bioactive compound identified by the method of claim 55, 

57. The bioactive compound of claim 56 in a pharmaceutically acceptable 
carrier. 

15 

58. The bioactive compound of claim 56, wherein said bioactive compound 
is a pharmaceutical compound. 
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